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HITTING THE MARK ; OR, CANNON-BALLS AND 
THEIR STRIKING VELOCITY. 

Br G. WEST ROYSTON-PIGOTT, M.A, M.D., Cantad. M.R.C.P., 

Latk Fellow of St. Peter’s College, Cambridge, and 
Fellow of the Cambridge Philosophical, the Royal Astronomical, 
AND Microscopical Societies, Author of “The Harrogate Spas.” 

[PLATK LX VI I.] 



E ^'^RY' few years, we are now' accustomed to bear of cam- 
paigns on a most stupendous scale being fought, lost or 
won, in a great measure by superiority of modern artillery. 
The nation which has the best field-gun and can strike the 
most rapid, overwhelming, and hard-hitting blows at long 
range, demoralises the foe before he has a chance to hit again. 
Electricity for conveying orders, and explosive missiles de- 
spatched at fabulous distances, enable concentric masses to 
annihilate the enemy, innocent of such resources of the modem 
art of killing the greatest number in the least possible time. 

SoLFEniNO, Sadowa, and Sedan hissed a sad sarcasm, from 
the vainglorious vanquished, whilst Europe rang with sym- 
pathetic echoes, trembling at the fall of embattled hosts, 
destroyed for lack of knowledge. Yet the philosophy of pro- 
jectiles seems only just now beginning to be understood. A 
practical working knowledge of the effective energy of shot 
hitting a distant mark is of more importance now than ever. 
In face of the European dramas so recently played out before 
our eyes, the question of striking energy, or distant velocity, is 
now of supreme, it may be hereafter of tremendous interest, as 
involving the very destinies of the country. 

Here is a question of apparent simplicity which our artil- 
lerists could not recently solve. 

If a 9-inch 250 lb. cannon-ball strikes an object 200 feet 
distant with a velocity of 1,400 feet per second (1,400 f. s.), 
TOL. X. NO. XXXnil. B 
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what loss of velocity would bo effected by the resistance of the 
air upon its reaching an iron-clad vessel a mile distant ? 

To fire cannon-balls with a given charge and ascertain their 
time of flight and range, or perhaps their penetrating power 
at short ranges ; and to “ time ” tlie fuze of a bursting charge, 
were the cliief points formerly attended to. 

Attempts liad been made, indeed, with considerable success, 
to ascertain one velocity for each ball striking a ballistic pen- 
dulum, which, upon receiving the shock of the striking ball, 
vibrated through a measurable arc. 

Even tliis solution was sufficiently diflicult to have engaged 
the powers of Robins, Hutton, Didion, and Hdii. So late 
as 1865 the latter confesses (“ Traite de Balistique ”) : “ 
solutions l-es plus avancies laissent encore fort d desirer. 
L'exposc de, ce quia He fait montrera du, rnoins ce qu'il reste d 
faire” (p. 2). 

There still remains, however, a great desideratum — a com- 
plete system which shall enable the scientific artillerist to 
answer any question respecting the motion and behaviour of a 
shot after it has left the cannon's mouth at any point of its 
path. Such results shoidd also be immediately practicable by 
those who are without the scientific knowledge on which such 
results have been obtained. “ Applied science,” the master 
idea of the age, would, in the case of artillery students, 
receive a striking illustration : and thus literally connect the 
Government with technical education. The general reader will 
understand the remarkable difficulties encountered in prose- 
cuting this research, by presenting to him a short resume of 
the history of this engrossing question. 

Nearly the whole system of theoretic modem gunnery is 
founded on Hutton’s “Mathematical Course” (H. died 1807). 
Hutton’s celebrated experiments with the ballistic pendulum 
were published by the Royal Society in their Transactions in 
1778, nearly one hundred years ago: these experiments had 
an important influence.* 

• Several European Governments took up the question. The chief 
theatre of them was Metz in 1839—40, where an extensive system was deve- 
loped under the direction of MM. Piohert, Morin, and Didion, with a largo 
instrument constructed on the English plan. In 1866, a large ballistic pen- 
dulum was constructed at Elswick for the English government, at the cost 
of several thousand pounds, which has not hitherto been even used, for 
shortly afterwards Navez's electro-ballistic instrument was imported from 
Belgium, which appeared to give correct initial velocities. But when the 
mathematicians began to cross-question its results, they found that no law of 
resistance of the air at various points of the ball’s path could be deduced 
from its use. Since 1806 Benton’s electro-ballistic machine with two pen- 
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In a lanffixid melancholy way we have been arriving (for a 
reward of 200 years’ study of this question) at an inkling of 
the real state of the case. In gunnery oui- parabolic theory 
was all wrong. It was fancied, somehow, first of all that the 
resistance of the air had little power as against shot. Sir 
Isaac Xewton and Dr. Halley w'cre both of this opinion. 
Robins states (“ Gunnery,” Preface), that a musket-ball at an 
elevation of 45° should range seventeen miles in vacuo, yet it 
only flies half a mile ! * 

The great honour of mastering the complicated difficulties 
attending the determination of successive velocities at different 
points of the flight, and calculating the laws of the resistance 
of the air from experiments made upon a large scale, is unques- 
tionably due to our fellow-countryman. Professor Bashforth. 
This gentleman, apparently from the tenour of the Report, re- 
ceived little approval or encouragement from the official mind. 

The English public will no doubt appreciate these labours, 
and it is a matter of congratulation that such men as Profes- 
sors Adams and Stokes have undertaken the onerous task of pro- 
nouncing their verdict upon researches as profound as they were 
spontaneous. An elaborate Report is now published replete 
with results of the highest importance to the future defensive 
power of this country.f Quoting from this report we read 

dulumg, nnder the name of Leur's, and another by Boulengd, which give 
only one velocity, have been much used in this country and on the Con- 
tinent Sir Charles Wheatstone, F.R.S., and Breguet, also designed instru- 
ments for measuring successive velocities, but no information is extant upon 
their experimental success. At Paris, in 1807, Schultz's instrument was also 
exhibited with a similar intention and no result. 

* The resistance of the air in the case just mentioned reduces the range 
to a space thirty-four times leas than a vacuum range. 

Button’s law assigned it to be a function of the velocity added to its 
square (or + bjp). 

Didion at a function of the velocity added to the cube (bo + ct^). 

Colonel Mayewski at a higher function still — 

btP + do*. 

What is very remarkable is that Hutton and Piobert (whoso laws have 
been commonly employed) deduced very difl'erent laws from the same ex- 
periments. 

For further information on this point see “Description of a Chronograph, 
adapted for Measuring the varying Velocity of a Body in Motion through 
the Air, and other Purposes.” London: Bell & Daldy. 

t Report on Experiments made with the Bashforth Chronograph for deter- 
mining the Resistance of the Air to the Motion of Projectiles (p. ICO). 
Printed by Eyre ti Spottiswoode, November 1870, for Her Majesty’s Sta- 
tionery Office. 

D 2 
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(March 21, 18G4.)— ■“ Soon after his 
appointment. Professor Bashforth, in his 
first letter to the Ordnance Select Com- 
mittee, recommend« the adoption of a 
kind of printing telegraph .... in order 
that tie may have a check upon the 
measuremente of striking velocities.” It 
goes on to state, page 25 : “ As this sug- 
gestion did not apjH-ar to meet with ap- 
proval, it devolved upon Mr. Bashforth 
to carry out his own plans, which have 
now been brought to a successful termi- 
nation after four years of incessant la- 
l)our.” (July 23, 1868.) In the same 
page the Report further declares : “ The 
state of our knowledge of the resistance 
of the air in 1865 w:is well expressed in 
Captain W. H. Noble’s Report to the 
Ordnance Select Committee dated April 
2, 1865: — “It is regretted that this sub- 
ject cannot be fully treated in the present 
Report, buj. the difficulties in the way of 
a clear solitfion are so many and so great, 
that it would be difficult with our present 
experience to assign any new law repre- 
senting with accuracy the resistance of 
the air to the motion of spherical and 
elongated projectiles’” (page 19). 

The scientific referees thus characterise 
the Bashforth instrument : — 

“ We do not think that any means be- 
fore existed of recording a numlier of 
successive small intervals of time with the 
degree of precision and trustworthiness 
attained by Professor Biishforth’s instru- 
ment.” 

• • * • 

This instrument gives records in paral- 
lel spiral lines traced on a revolving 
cylinder : — ( 1 ) of every alternate beat of 
a half-seconds clock ; (2) of the instants 
in 2,000ths of a second of the ball 
cutting threads in ten to fifteen screens 
placed 50 — 150 feet apart. 

The accompanying diagram is a re- 
duced facsimile of the record of an ob- 
served round of firing cannon-shot through 
the screens. 
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Throughout the whole of these experiments, recorded per- 
manently upon blue glazed paper, an elaborate system of test- 
ing minute working errors, by differences of a high order of 
scrutiny, approved by the first mathematicians of the age, has 
been put in practice. About 400 rounds have been tabulated : 
even corrections for the density of the air for observed read- 
ings, height of the barometer and thermometer, have been in- 
troduced. 

The precision and excellence of this mode of testing by suc- 
cessive differences may be illustrated in the following manner. 

If the velocity of the shot follows a particular law for certain 
limits, the successive differences will show its existence and any 
departure from it : just as a succession of squares and cubes 
tabulated wdth the slightest error can be thus detected : — 

SaVARES. tERKOR *) 

Xos. 1 4 0 10 20 30 49 Gt 82 100 

1st differ. 3 0 7 9 11 13 13 18 13 

2nd differ. Aj 22222230 

3rd differ. Aj 0 0 0 0 0 1 -3 

CCBES. (ElUSOR.t) 

Nos. 1 8 27 C4 l.’O 210 3*2 012 729 1000 

1st differ. A, 7 19 37 01 91 126 170 217 271 

2nd differ. A, 12 18 24 .30 3 5 *1 *7 04 

3rd differ. Aj OOOso 3 7 

4th differ. A< 0 0 -i * -6 -.4 -i 

Now if the squares had been all multiplied by some constant 
coefficient, the la.st differences would have been equally reduced 
to zero. The .same thing would have happened with the cubes. 
And, more complex still, if a new series were formed with terms 
consisting of squares and cuhes, or their con.stant multiples, a 
series of differences woidd detect any deviation from a fixed 
law. 

Kmther, the law, lieing ascertained by a great number of 
experiments, slight errors of observation could be detected and 
rectified by tlie principles of iiiterpolai ion.t 

The Bashforth chronograph, actuated by a fly-wheel of 

* .\a error of 1 is purposely introduced to show its exngpcrnted effect ; 
the third differences, 0, 0, 0, 0, 0, 0, 0, being chnnged iuto 0, 0, 1, - 3. 

t An error of 1 only is introduced purposely, viz. 342 instead of .‘143, and 
great departure from regularity is shown iu the third and fourth diffennccf, 
ia consequence of the above error. 

t Even when a progressive law is unknown and implied, by which a series 
of results are obt.ained, still by successively difl'erencing, by means of eqm- 
tli4an( argumeiiis, the e.xistcnee of isolated errors can be speedily discovered 
and corrected. 
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nearly unifoiin velocity, and recording clock-beats as well as 
screen-striking within the 2,000th of a second (the projectile 
cutting the threads of ten or fifteen successive screens, placed 
50 — 150 feet apart), gives a permanent comparative record of 
the instants of the passage of the ball. The following example 
is expanded from “ Trans, of the Eoyal Society,” 1868, p. 425. 

llemisphericAl-heoded shot. Diameter 4‘7 in. ; weight 39'34 lbs. 



CLOCK 



Time 


Reading 


r«corrcctcd Reading 


1" 


4010 


A, Aj A, 

+ 15-010 


2'' 


£0-820 


+ 15-830 +40 


3" 


SCCoO 


+ 15-790 -50 


4 " 


52-440 


+ 15-700 +40 


6" 

C" 


08 140 
83-700 


+ 15-050 — ^ 



CLOCK 


Time 


Rending 


Corrfcffd Reading 


1" 

2" 

3" 

4" 

5" 

0" 


4-91 

20-82 

3005 

52-44 

68-14 

83.79 


A, Aj A, 

15-010 „ 

20-820 ;0 3 

30 000 15.7-3 07 g 

02- 133 i5.;o9 ^ 3 

03- 1^2 15313 

83-790 



By interpolation * the instant of passing ten screens in suc- 
cession, as marked by the spiral traced on the revolving drum, 
is thus given in decimals : — 



Time.s op Pas.siso the Screen's. 



Scrora 


1 1 a 


8 


4 S 1 6 


7 


8 


9 1 10 


Timet 


2"-4G02 


r-v2zs 


2 '-8539 2"-985S 3"-U96 


3 *2552 


3'-3925 


3'^'5315 3"-€722 




vjGi im 1301 mo im mx 13 


'3 1390 1407 


A. 


18 


19 


18 19 18 


17 


17 


17 




+1 


1 + 1-1 


1 Cl 


0 





The length of tlie spiral traced on the paper cylinder is 
about nine or ten inches for one second ; thus by a vernier and 



• It is haidly desirable to insert the formulae of this process in an article 
on Popular Science. 
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steel T-square and fine mark, the cylinder being removed 
from the machine and applied between centres as in the wood- 
cut, the actual times of flight are compared with the instants 
of time measxired on the paper, correctly, to the 200th of an 
inch.* Next the velocities for the middle point of each interval 
between the screens are calculated. Data are then obtained for 

Fig. 2. 




comparing the changes in velocity with those which ought to 
arise from a supposed law of resistance for every ten feet of the 
projectile’s flight. The agreement of the calculated with the 
experimental results is then verified. 

From these researches, which, indeed, may be said to form a 
new era in gunnery, it appears as the result of chronographic 
experiments with some hundreds of rounds of every kind of 
shot used in the service — 

That the diameter being the same, the shot preserves its 
velocity to a greater distance for hitting the mark, as the 
weight is greater. 

That the resistance is less for the same weight as the shot is 
elongated within certain limits. 

That the resistance also varies inversely as the square of the 
diameter. 

That the resistance of the air for velocities used in practice 
(900-1700 f. s.) cannot be expressed by any simple power, or 

* The steel T-equare slides along the plate L and the mark b upon it 
Wing placed accurately upon the successive records of teconda and screens, is 
read off by the vernier (a) to about the jj^th of an inch, or 2,000tha of 
a second. The cylinder k is moved from the chronograph before the paper 
record is disturbe<L 
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simple function, of the velocity. The resistance of the air 
may be taken to vary as the .sixth power of the velocity from 
950-1050 f. 8., as the third power from 1070 to 1400 f. s., and 
as the SECOND power for higher velocities. Under the.se cir- 
cumstances the cubic law, with a varying coefficient, has been 
adopted as the most convenient for calculation. 

That at 1,200 feet per second velocity this coefficient of 
resistance is the greatest for elongated projectiles, which rises 
in value rapidly at 1,000 f. s. to 1,100, and diminishes gradu- 
ally as the velocity is increased beyond 1,200. 

But for spherical shot the coefficient of resistance rises more 
gradually to its maximum at the same velocity of 1,200 f. s., 
and diminishes gradually for greater velocitic.s. 



Di.ssixted Tabi-c. 









Chilled Shot 




Size and weight of 


15'In. 




1 1 




1 


bliot 


Itudiuan 


1701b. 


lOOlb. C81b 321b. 


181b. 121b. 


Ulb. 61b. 31b. 


Initial velocity 


2100 


2100 


2100 ^2100 2100 


2100 2100 210 2100 2100 


Distance from gun 


8000 


7000 


COOO .7000 4000 


3600 3100 


2700 2300 1900 


Corresponding ve- 








1 


1 1 


locity at that 








1 


1 1 


distanco 


9D9 


010 


900 SD8 881 


8>iv 1 8o4 


874| 884^ 873 



Such a tabic as this for every hundred feet is of high value, 
being the first ever trustily obtained.* 

It is remarkable that no Artillery ^lanuals hitherto extant 
give any reliable information upon the decrease of velocity at 
different ranges. The old difficulty, the unknown irrepressible 
stumbling-block, the resistance of the air, vitiated every attempt 
at scientific conclusions. 

* Its grc.at Vfilue may Lc at once seen from the solution of innumerable 
questions like the following : — 

A 6-pr. anil a 32-pr, are both about to be fired with the same initial 
A’elocity of 2,100 f. s. : at what distance will the 32-pr. hit an object with 
the same velocity ns the C-pr. at 2, .300 feet ? By the table we see 4,000 feet 
distance ha.s a velocity for the 32-pr. 884 f. s., and for the 0-pr. at 2,.300 
feet has a velocity of 884. 

.Vgjiin, a l.'i-inch Bodman keeps up its velocity at 8,000 feet equal to that 
of a C8-pr. at 4,100 feet, target distance. 

Tables have also been ascertained for finding the velocity generated by 
different charges, so that the following complicated question can now be 
solved : — 

A shot from a C-inch gun (2.70 lbs.), fired at a target 200 yards' distance, is 
required to strike with the same velocity as it would strike at 1,000 yards, 
so as to compare perforating powers : what charges of powder must be used 
in each case ? 
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When the celebrated gnn of Sir William Armstrong, F.R.S., 
was first tested, the range was found to greatly exceed what it 
ought to have been by theory. Gunnery was all at sea for 
high velocities. The first elements, obtainable only by experi- 
ments at successive points of the path of one and the same ball 
were really unknown. 

It is stated in these Reports (page 20) : — 

“Round 68, with 5-inch rifled bronze gun, permanently injured 
the gun.” . . . “Nothing wrong was noticed before the eighty- 
fourth round. The resistance of the air was found to be three 
times its proper amount.” This diagnosed unsteadiness. The 
shot was tilting itself in its flight, creating greater resistance. 
Again they say : “ Wlien wc came to experiment with the new 
5-ineh M.L. gun, converted from a breech-loader, we found the 
resistaucc of the air for shot fired from this gim less in propor- 
tion than for any other calibre. We could only ascribe this 
reduced resistance to superior steadiness of the shot. The gun, 
when tried on long ranges, made remarkable good practice, 
lienee it is manifest that any chronograph which is capable of 
recording, in a satisfactory manner, the time at which the shot 
passes a succession of equidistant screens, affords a ready means 
of testing the degree of steadiness imparted to the shot by any 
new’ gun or new system of rifling.” 

The enormous labour of comparing each velocity at each of 
the screens for a considerable number of rounds may be easily 
imagined.* 

The results of these beautiful experiments and researches are 
of the utmost importance — 

(1.) In the technical education of artillery officers. 

(2.) In the assistance they give to the practicjil artillerist. 

The ascertained laws of flight will now present artillerists 
\rith a true guide for the performance of their arduous duties. 
The result of 18 rounds of shot througli 10 screens, commenced 

* If 120 feet be the distance of one screen from another, and the cubic 
law of resistance be applied, the actual time occupied by a 12 lbs. Armstrong 
shot passing over the interval t = '000800020 x 120 + '0000000-12 x 120 x 120 
Xext, the velocity will equal unity divided by a qiiautity represented by 
'000860520 + '000000042 x 120. In this case the resistance will vary as the 
cube of the velocity. 

When 4,000 resistances at 10 screens for 400 rounds have tlius been cal- 
culated, further corrections are required for the height of the barometer and 
temperature, and in each case the weight of the shot has to be an element 
of the calculation. The Report represents about five years of spontaneous 
labour, of a nature ■which few would like to undertake. 

The system of successive differences to ascertain errors of observation 
requires the results to bo supplemented with an elaborate process of inteipo- 
b'ioD, described in the Transactions of the Royal Society, 18C8. 
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November 23, 1865, ^ave such indications of the power of the 
new method, that no subsequent correction or modification 
has been found necessary to adapt tliem to the law of resist- 
ance ascertained in several hundred rounds. 

The eminent referees already named establish Professor 
Bashforth’s claims to priority in the following sentence: — '“By 
experiments made in this way. Captain W. H. Noble has 
obtained very good results, which confirm in a remarkable 
manner those which had been previously obtained by Professor 
Bashforth for high velocities, and agree approximately with 
those of M. Helie for lower velocities.” A singularly interesting 
result has l>een obtained. 

It appears that if the shot flies faster than a soimd-wave, the 
shot is preceded by an automatic was'e caused by itself ; fol- 
lowed as it were more slowly by the wave of the explosion. 
But if the shot is behind the sound-wave, in consequence of its 
velocity being less than that of sound, the shot may be travel- 
ling in a medium more or less dense than the undisturbed 
atmosphere ; and the law of resistance may be subject to 
sudden changes or h*aps showing unsteadiness, detected by the 
readings of the chronograph. In this case tilting of the shot 
may be presumed. 

There arc several very valuable results obtained from the 
development of the ascertained laws of flight, and applicable 
to hitting the mark with the best effect. 

Spheroidal-headed shot showed the greatest steadiness and 
the least resistance of all the solid forms of elongated shot 
used. 

A condemned 40-pr. B. L. gun was bored out to 5 inches. 
The chronograph showed remarkable precision and steadiness 
of flight. “No other gun succeeded so well.” Bounds 139 — 
178 were fired April 29 and 30, 1868. The co-eflScient of 
resistance was found remarkably low for this gun. 

The 250 lbs. shot with charge of powder appeared to 
meet with unusually great resistance of the air, and indicated 
great unsteadiness for low velocities. 

The 9-inch gun, formed with a rifling of 0 to 1 in 45, gave 
great indications of unsteadiness. 

A 10-inch projectile would strike a harder blow at 2,000 
yards than the 9-inch would inflict at the muz7,le. 

The power of perforation at 1,500 yards is the same as that 
of the 9-inch at the muzzle. 

The Whitworth elongated 150 lbs. flat-headed .shot apjieared 
to exhibit unsteadiness of flight under the larger charge of 
20 lbs. powder, but assumes an eminently true motion when fired 
the lowest charge, 10 lbs. of gunpowder. 
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The new Indian bronze gun, 3-inch 9-pr., also exhibited 
greater unsteadiness when fired with 1 j lb. of jwwder than with 
1 1 lb. charge. It is remarkable for both these guns, that the 
resistance of the air is most variable when the velocities are 
the highest. It has generally been found that acciuate practice, 
or “ beautiful hitting,” has been best obtained when the charge 
is exactly suited to the weight of the ball, so as to fire it with 
the least irregularity of atmospheric resistance and greatest 
steadiness of flight. 

This resistance, according to Professor Bashforth’s researches, 
acquires enormous proportions (Report, p. 121). 



Table (abstracted) 



Showing the resistance of the air in lbs. to spherical shot from 1 to 15 inches 
in diameter, at velocities varj ing from 000 to 2100 f. s. (feet per second), 
calculated by means of Table V. 



Velocity' 


• 


Rcsistanco 






Telocity 


j sin. 


Ain. 


7 In. 


9 In. 


lain. 


14 in. 


lAin. 


f. 8. 


1 lbs. 


lbs. 


lbs. 


Ibe. 


lb«. 


lbs. 


lbs. 




900 ; 28 


78 


153 


254 


629 


013 


704 


900 


1.300 91 


262 


494 


817 


1705 


1977 


2209 


1300 


1700 1 1(30 


401 


903 


1493 


3115 


3013 


4148 


1700 


2100 257 


713 


1398 


2311 


4823 


6593 


0421 


2100 



Table of Stkixino Velocities at differexi Distances on Hittino 

THE Make. 

Diam. of shot, 8-92 inches. 'Weight of shot, 250 lbs. 



I VclocUi«8, feet per second 

IHstaoces . 



trum ffon 


0 


100 


200 


300 


400 


600 


COO 1 


700 


800 


ooo 


feet 


f. B. 


f. 8. 


f. 8. 


f. 8. 


f. s. 


f. s. 


f, a. I 


I... 


f. 8. 


t.«. 


0 


1400 


1394 


l;387 


1381 


1376 


1308 


1362 


i;i60 


1360 


1344 


1000 


13.38 


1.3.32 


1320 


1.320 


1315 


1309 


1303 


1298 


1292 


1287 


2000 


1281 


1270 


1271 


1206 


1200 


1255 


1250 ! 


1244 


1239 


1234 


3000 


1229 


1224 


1219 


1214 


1209 


1205 


12001 


1195 


1191 


1180 


4000 


1181 


1177 


1172 


1167 


1163 


1169 


1164 


1160 


1146 


1141 


6000 


1137 


1133 


1128 


1124 


1120 


1116 


1112 


1108 


1104 


1100 


0000 


1096 


1092 


1088 


1086 


1081 


1077 


1073 


1070 


1000 


1002 


7000 


1059 


1065 


1062 


1048 


1045 


1041 


1038 


1036 


10.31 


1029 


8000 


1025 


1021 


1018 


1016 


1012 


1009 


1000, 


1003 


1000 


997 


9000 


994 


991 


988 


985 


983 


980 


977 


974 


972 


909 


10000 


007 


905 


902 


900 


967 


956 


963 


950 , 948 


046 
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Table fob RF.orL.\TiXG Striking Vf.lociit bv altering thf. Wr-iGnT 
OF rowDEii Charge. 



Charge 

21 

22 

23 

24 

25 
20 

27 

28 



Initial velocity 


Cho:^ 


Initial Telocity 


Chari^ 


Initial Telocity 


f. 9 . A, 

0.59 

900 ^ n 
1019 

1071 + ^“ 
1095 + ^* 

1137 + :^ 
1165 

+ 10 


lbs. 

29 

30 

31 

32 

33 

34 

35 
.30 
37 


f.s. A, 

1171 1,. 
1187 

1202;}-.^ 
1215 ;}:] 
1227+1 
1238 + 
1248 + ^® 
12.57+ ^ 
1200+ » 


Ilx. 

.38 

3i) 

40 

41 

42 

43 

44 

45 


f.a. A, 

ft 

1282+ a 

1290+ a 
12S18+ ° 
1.300+ a 
1.314+ a 
1.322+ - 
1.329+ ' 



The folloAving paragraph from the Pall Mall Gazette will 
not form an uninteresting conclusion to my observations: “ In 
the recent great sortie made by the French from Paris, 
General Ducrot brought into action one of those new en- 
gines of destruction to the invention of which the present 
war has given so great an impetus. This is an armour- 
plated locomotive, furnished with two powerful mitrailleurs, 
also protected by armour, and originally intended for tlie 
railway bridge at Point du Jour, whence it was to throw 
bullets on to the lieiglits of Meudon. Tliis novel machine, 
which weighs altogetlier only some six tons, has been manu- 
factured atCail’s, the well-known mechanical engineer of Pari.s, 
to whose establishment the city is so much indebted for the 
extraordinary efforts that liave been made to supply it with 
cannon and other means of defence. The Prussian invasion 
has certainly contributed a great deal to develope the inventive 
talents of the French ; for hardly a day passes without some 
new implement of destruction being submitted to the Govern- 
ment of National Defence. Under tlie spur of defeat they 
have produced the Jlarekdcrberg mitrailleur, firing 250 balls a 
minute, and the Montigny, firing 480 ; as well as the Durant 
steam mitrailleur, which discharges no less than 4,500 in the 
same space of time, and the Faucheuse, or ‘ mower,’ which is 
said to operate without noise, smoke, or fire, to have a range of 
from 500 to GOO yards, and to cost only 35/., with all the 
necessary apparatus for firing 300,000 projectiles ; so that, if 
every bullet really had its billet, the French, by employing 
this weapon, might rid themselves of the Avholo of their enemies 
for something less than 100/. In adilition to tlie above, many 
novel descriptions of shells have also been proposed, if not 
actually tried, among which are the Gaudin fire-bomb, the 
improved Mencstrol shell, bombs emitting suffocating vapours, 
and so on.” 
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Tills state of things renders long range accurately striking 
artillery of the utmost consequence at the present time. 



DESCRIPTION OF PLATE LXVII. 

The Chronograph is actuated by a fly-wheel A. 

K is a cylinder covered with prepared paper for receiving the record mado 
electrically by the beat of the clock, and the cutting the threads of the 
several screens through which the shot passes in its flight. The cylinder 
is about 12 inches long; diameter 4". 

n a toothed wheel, gearing with h so ns to allow a string CD to be slowly 
unwrapped from its drum, whilst the other end is attached to the sliding 
platform l, moving about a quarter of an inch for each revolution. 

EE' electro-magnets, dj' are frames supporting the keepers,/, //the springs 
acting against the magnetic attraction. 

On interrupting the current, by the destruction of magnetism the spring 
/ carries back the keeper, which causes the arm n to strike a blow on the 
lever 6. Thus the marker m is made to depart from the uniform spiral it 
was describing. But when the current is restored, the keeper being 
attracted causes the marker m to be brought back, and so continue to trace 
the .spiral as if nothing had occurred to alter its course. 

s' is connected with the clock, and its marker m' records seconds. 

E is connected with the screens, and records the passage of the shot through 
each of them in succession. 

Thus, by comparing the marks made by m m\ the exact velocity of the shot 
can be calculated at all points of its course. The slide L is fixed parallel to 
E and the cylinder k by the brackets o, h. 

j is a stop to regulate the distance between wheels m and b, and t draws 
back the wheelwork M. The depression of the lever h raises the two 
springs », which, acting as levers, bring the diamond points of tho 
markers mm' down upon the paper. 

^Vhen an experiment is to be made, the fly-wheel A is set in motion by 
band, so as to revolve about three times in two seconds p the currents are 
completed, tho markers mm' are brought down to tho paper cylinder k and 
after four or five beats of the clock the “ signal to fire” is given, so that in 
about ten seconds the experiment is completed and the instrument is ready 
for another. 

The passage of the balls through the fifteen screens is distinctly recog- 
nised by the ear, a peculiar tr-r-r-r-rap being heard before the sound of the 
explosion, if several hundred yards away. 



Digitized by Google 




14 



NATUR.^L SELECTION INSUFFICIENT TO THE 
DEVELOPMENT OF MAN. 

Hr THE Rev. OF.OROE BUCKLE, M.A. 



I N a ■well-known passage towards the close of the “ Origin of 
Species,” Mr. Darwin supposes the question to be put to 
him, How far does your doctrine extend, and what amount of 
ground does it cover? The .answer is perfectly frank and 
clear. Pr.actically it covers the whole area of life. Every 
class, at least of animals and plants, miLst own a common r 
ancestor, and probably these class-foimders are themselves only * 
brethren descended from some yet remoter stock. Of the^ 
former of these two positions he speaks confidently. “ I c.annotV 
doubt,” he says, “that the theory of descent, with modification, 
embraces all the members of the same class. I believe that 
animals have descended from at most only four or five pro- 
genitors, and plants from an equal or lesser number.” Of the 
latter he speaks with more reserve. “ Analogy would lead me 
one step further, namely, to the Indief that all animals and 
plants have descended from some one prototype. But analogy,” 
he adds, “may be a deceitful guide. Nevertheless he sees 
sufficient reason to justify him in following its guidance in this 
instance, and finally sums up his opinion in the following 
remarkable words : “ Therefore I should infer from analogy 
that probably all the organic beings which have ever lived on 
this earth have descended from some one primordial form, into 
which life was first breathed.” 

The natural inference from these words would be that Mr. 
Darwin considered his theory of n.atural selection as sufficient 
to account for all the varieties of life on the face of the earth. 
But it is not a necessary inference. For he is speaking, in 
this passage, not precisely of the doctrine of natural selection, 
but of the doctrine of “ descent with modification ; ” and the 
two ideas are perfectly distinct. F'or it is quite possible that 
all living beings may be descended from a single primordiiil 
form, and yet that natural selection may not be the only 
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agency employed in the determination of their actual variety. , 
Other methods and other forces may have conspired with it, 
checked or thwarted it, in the work of educing from one common • 
form the boundless multiformity which now meets our eyes. 
No doubt the whole course of Mr. Darwin’s reasonings and ■ 
illustrations leads us to the conviction that in his judgment 
the una.ssisted action of natural selection is sufficient to pro- 
duce all the necessary modifications, but so far as express words 
go, he has not excluded — at any rate in the pa.ssage which I 
have quoted — the possibility of the co-operation or interference 
of some other cause ; and it is important to call attention to 
this, because a very high authority on this subject, Mr. A. R. 
Wallace — the independent originator, and the most able de- 
fender of the theory which bears Mr. Darwin’s name — has 
recently proclaimed his conviction that natural selection by 
itself is inadequate to the production of at least one, and that 
the most important, form of life. In other words it is im- 
possible, in Mr. Wallace’s opinion, that man can have been 
developed from the inferior animals by the process of natural 
selection alone. Whatever else it may have done, it is un- 
equal to this, the great and crowning act of creative power.* 

To understand his reasonings we must first get a clear idea 
of what the doctrine of natural selection is. It does not imply, 
as many will persist in assuming, any capacity in the individual 
to alter his own structure, and adapt himself to surrounding 
circumstances. The individual does not materially change. 
Such as he is bom, such, in his physical structme, he will 
remain to the end of his life. Only if his physical stmeture 
does not happen to be well adapted to the circumstances in 
which he finds himself, his life will be a short one. His 
neighbour, who happens, by some small variation, to be 
shghtly better adapted to those circumstances, will live longer. 
And, moreover, since the offspring inherit the parents’ pecu- 
liarities, the descendants of this latter are likely to prevail to 
the exclusion of those of the former ; and thus, in the course of 
some generations, the prevailing type and character of the 
whole family will be slightly modified. It is not the indivi- 
dual, but the collection of similar individuals, or the Kind — a 
word which may be usefully employed to avoid the technical 
meaning attaching to class or species — that changes. And it 
changes only by means of changing its units, by dropping out 
from time to time those that are unsuitable, and keeping in and 
preserving those that are suitable. In this way it adapts itself 



* See “ CoctributioDs to the Theory of Natural Selection.” (Macmillan 
& Co.) By A. R. Wallace. This paper is little more than an expansion 
of part of the argument in one of these Essays. 
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to tbo perpetual changes of surrounding circumstances, and 
keeps itself by its own variations in constant harmony with the 
ever-varying world around it. As earth and seas, forest, river 
and meadow, climate and temperature, arc never for a moment 
stationary, but maintain a perpetual ebb and flow of ceaseless 
interchange, so the general forms and types of life, which are 
affected by all these influences, are also in continual and cor- 
responding flux, lloth are always in a condition of instability 
in themselves, because both are alwaj's in perfect harmony 
with eacli other. But it follows from this that no modification 
can possibly be introduced into any form or type of life, unless 
it be beneficial to the creature modified — unless it tend, in some 
way or other, to bring him more into harmony with the condi- 
tions around him than he was before. If the change be merely 
a matter of indifference, doing neither good nor harm to the 
]X)ssessor, it will make no impression on the Kind. It is an 
individual peculiarity which may re-appear again here and there 
in other individuals, but which has no tendency to prevail over 
other simil.ar peculiarities in others. But if the change is 
actually injurious, it will vanish at once. The unlucky pos- 
sessor of it will bo inferior to his neighbours in the struggle 
for existence ; his life will be cut short sooner than that of 
others ; his offspring, if they inherit his peculiarity, will 
inherit also his disadvantages, and will soon perish out of the 
Kind, leaving no trace behind them. Natiu'al selection is like 
fortune ; it favours only the brave ; it helps those only who 
can help themselves ; it rejects the weak, the puny, the ill- 
provided, and ill-adapted ; and its effect is best described as the 
simvival of the fittest. 

Now let us apply these principles to the case of man. Were 
the changes by which the Kind passed — if it did pass — from 
some lower tvqie to the human type such as would be mani- 
festly beneficial in the first instance to the individuals who 
were affected by these changes? Because, if they were not, 
that transition could never have been effected by natural selec- 
tion. If it occurred at all, some other agency must be taken 
into account. \\'hat, then, were these changes ? We cannot, of 
course, tell exactly, unless we knew — as we certainly do not 
know — the form of life which immediately preceded the human. 
But let us assume for the moment that the anthropoid apes and 
man are the extremities of divergent lines from some remote 
ancestor, uniting in himself the characteristics which they have 
in common ; how would the dififerenMation begin to be carried 
on ? One of the most marked peculiarities in man is the soft, 
smooth skin. Alone among the mammalia, he is unprotected 
either by the hardness or the shagginess of his integiunent. He 
has neither the impenetrable armour of the rhinoceros, nor the 
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thick fur of the bear, nor tlie warm wool of the sheep. Was 
it any advantage to the first individual that came into the 
world with this soft, smooth skin, or with any approximation 
to it, beyond his fellows ? Was it a peculiarity likely to help 
him in tlie struggle for life — to enable him to siuvive when 
others perished ? — likely, therefore, when transmitted to his 
offspring, to appear in greater force in the next generation ; 
and gradually, by its superior adaptation to surrounding cir- 
cumstances, to supplant the tough or hairy skins which had 
preceded and accompanied it? Was it likely, in short, to 
become an object of natural selection? Is it not, on the 
contrary, cpiite plain that the very reverse woidd be the case ? 
The accidental possessor of this smooth skin would clearly be 
at a great disadvantage. He would succumb beneath the 
attacks of enemies which his hardier fellows could successfully 
resist. Rain and frost and cold would work their bitter wall 
upon him unchecked. Inclement seasons, which only produced 
a moderate inconvenience, or none at all, to ereatures with 
thick or shaggy hides, would soon prove fatal to the animal we 
are imagining. There is no conceivable reason why such an 
animal should live and perpetuate his peculiarity, while others 
which did not possess it perished ; there is, on the contrary, 
every reason to suppose that such an animal, bom for the first 
time, an anomaly in a shaggy world, would speedily be elimi- 
nated and leave no trace behind him. That is to say, it is 
impossible to picture a condition of things in which a kind of 
creatures distinguished by smooth skins could have arisen by 
the process of natural selection. In other words, natural selec- 
tion cannot account for the origin of tins peculiarity in tlie 
human form. 

But that is not all. The theory of natural selection not 
only requires that every change promoted by it sliould be for 
the benefit of the possessor ; it requires also tliat it should be 
for his direct and immediate benefit ; that it should be no 
greater than is necessary to give him some instant advantage, 
however slight, over his fellows. For it docs not act, any more 
than Nature herself, per salttim. It rests for its motive force 
upon the variation which always exists between a parent and 
an offspring ; and this variation is, for the most part, very slight. 
It is enough to distinguish one from the other, but never much 
more. It is generally so small that the unpractised eye often 
fails to see any difference whatever. We do not mistake our 
friends for their fathers, though, if we do not know them w'ell, 
we are liable sometimes to get confused between brothers and 
sisters ; but, except to the shepherd, a flock of sheep seem to 
be all exactly alike. The differences between individuals of 
the same kind are for the most part very small, and it is only 
VOL. X. — NO. XXXVIII. c 
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on these differences that natural selection acts. Hence it 
happens that the transformation of one kind into another is a 
very slow and gradual process, because it has to be accom- 
plished by a series of very small steps. A long step cannot be 
taken unless it is more to the advantage of the individual than 
a short step in the same direction, because it is certain that 
many more individuals will be bom in any given generation 
with the small than with the large variation ; and, imless the 
large one has some direct advantage over the small, the mere 
superiority of numbers will give the victory to the latter. Let 
us illustrate this by an example. Suppose a flower, such as 
the AngroEcwm Sesquipedale of Madagascar, mth a very deep 
nectary, and a supply of nectar at the bottom of it. This 
can only be reached by a moth with a very long proboscis. 
Suppose also that this nectary has, from any cause, a continual 
tendency to lengthen in successive generations. It is evident 
that moths that happen to be bora with probosces longer than 
tlie average will have an advantage over those that are bom 
with them shorter. They will have at least, other things 
being equal, one more flower to feed on, and so have a better 
chance for life. Natural selection will therefore operate to 
produce a Kind of moths with long probosces. But it will not 
give any preference to a proboscis longer than is required for 
that special purpose. A proboscis which has an inch to spare 
would not be a bit more useful than one which could just 
drain the nectar and no more. And while many moths would 
be born with the slight additional length necessary for this, 
few or none would be born with the proboscis an inch longer. 
Such moths would be monstrosities, and monstrosities are always 
rare. And there would be no cause at all tending to perpetuate 
such a monstrosity and to counteract the universal tendency in 
all such cases to return, if unchecked, to the normal type — a 
tendency which is, in point of fact, simply another expression 
of the perpetual effort, which all life manifests, to bring itself 
into absolute harmony with all around it. The music of the 
splieres will not tolerate a discord ; if a half-note too high 
or too low can be caught occasionally by the listening ear, it is 
soon swept out and lost in the full strong current of advancing 
sound. The office of natiual selection is to maintain this con- 
cord, and it does it by favouring those slight variations which, 
l)y bringing their possessor more into harmony with the world 
around, give him an instant advantage over his fellows. It 
does not favour any larger variations; it has no forecasting 
eye to tho possibilities of any future advantage to be derived 
from them. 

Now let us apply this principle once more to the case of 
man, and in so doing let us pass from an external and super- 
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ficial to an internal and very forcible characteristic. The 
smooth skin is an obvious and striking peculiarity of man ; 
but if anyone were asked what above all else made him what 
he is, he would probably reply, the brain. Let us see, then, 
if it seems likely that the human brain was developed by 
natural selection from the brute brain. The size of the human 
brain is, in comparison with that of all other animals, enor- 
mous. This superiority in magnitude, accompanied as it is by 
certain other less obvious and less indisputable marks of differ- / 
cnce, seemed to Professor Owen suflBcient to justify him in ' 
placing man in a class by himself — that of Archencephala, or 
cluef-brained animals. The average brain of the highest an- 
thropoid apes — the orang-utan or the gorilla — does not reach 
above 28 or 30 cubic inches, while the average internal capacity 
of the cranium in the Teutonic family of man amounts to 94 
cubic inches. The difference is enormous ; but if we could 
trace the growth of that difference step by step from one to 
the other, and see how at every step the owner of the larger 
brain would gain thereby an advantage over the smaller, there 
would be nothing in this difference to take it out of the 
ordinary action of natural selection. If the primitive flint- 
chippers had brains not much larger than apes, if those of the 
modem savages were a little bigger still, and if, as we travelled 
towards the civilised and intellectual periods of history, we 
found the brain steadily increasing, the change would be in 
full accordance with other illustrations of the law. But what 
is the case ? So far as investigation has yet gone, there is no 
great difference in the average cranial capacity of man imder 
any circumstances. That of the Esquimaux is 91 cubic inches, 
of the Negro 85, of the Australians and Tasmanians 82, while 
even that of the Bushman — the lowest specimen of living 
humanity with which we are acquainted — is 77. Nor do 
the few skulls of the earlier races, which have yet been dis- 
covered, tell any different tale. The celebrated Engis skull, 
which was probably contemporary with the mammoth and the 
cave bear, has been pronounced by Professor Huxley to be “ a 
fair average skull, which might have belonged to a philosopher, 
or might have contained the thoughtless brains of a savage.” 
But the brains of any ape would have lain in a corner of 
it, and left a large vacancy. If the ape passed into the 
savage, the change in the brain was made by a leap. Now is 
there anything to make such a leap likely ? Is there anything 
in this enormous increase of brain which would give its pos- 
sessor an advantage over smaller brains, and enable him to 
survive while they perished ? No doubt a larger brain has an 
advantage over a smaller one. The brain is the organ of the 
greatest power that we know — the power of mind. It is the 

c 2 
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seat of tliotiglit, intelligence, sensiition, emotion, will. He 
who owns these mighty implements in larger measure than bis 
fellows has no doubt a great advantage over them in the 
struggle for existence, if he uses them. Hut they are no good 
to him in this respect while they lie latent or tinuscd. A man 
does not iK'come a match for a wild beast because he has a 
sp«‘ar laid up in his armoury at home. The sjxsar must be in 
his hand, and driven by strong muscles into the heart of his 
foe, to be of any use to him. So it is with the mental facul- 
ties. Just so much as a m.an wsM of them would become the 
object of natural stdection, and no more. .\11 the surplusage 
goes for nothing in the battle of life. Tbe largest gorilla 
brain that has yet Ik'cu measured contains .34^ cubic inches. 
I’robablv mental power depends on some other conditions 
besides the mere size of the brain, and therefore we should not 
lx* justified in saying that a creature with 35 inches of brain 
would certainly beat this gorilla. Hut we know that size is a 
principal factor in the ])roblem, and we may therefore say very 
confidently that 40 inches of brain would answer this purjxise. 
How, then, does it happen that the lowest savage has more 
than 70? Natural selection might secure him the 40, because 
apes with less brain would be crush<‘<l out to niake room for 
him ; but how would he get or keej) the additional 30? If an 
individual chanced to l>e born, a mere monstrosity, with this 
huge addition to the normal qimntity tif his kind, what likeli- 
hood would there l)c of its iK'ing ])erpetuated ? He would l)e 
simply in the condition of the moth with its proboscis an inch 
longer than wins required for any useful purpose, and the sure 
result — if natural selection were the only power that actt*d 
iipon it — woidd be the rapid reversion of his descendants to the 
ordinary type. 

Hut, it may be asked, is all (his brain so much surplusage in 
the savage? Are we justified in assuming that the greater 
portion of it lies dormant ? Are we sure that ho does not use 
it all, and that, in this use of it, there does not lie the secret of 
his superiority over the briitcs around him, and the germ of 
that dominion over the whole creation which seems to be the 
goal to which he is continually tending ? The only answer to 
this can be found in the comparison of the sjivage as regards 
the action of mind, on the one hand, with the highest of the 
brutes beneath, and, on the other, with the civilised man above 
him. If the difference in the amount of brain corresponds in 
these three gradations with the difference in mental develop- 
ment, the inference would be that the whole brain was used in 
each case. If this correspondence does not exist, it will follow 
that the brain is unused in any case in the degree in wdiich 
the mental development in that case falls s'mrt of its required 
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proportion. Now the .iveraj^e proportions of the brain in the 
anthropoid apes, in the savage, and in civilised man respectively, 
may be represented by the figures 10, 26, and 32. Is this a 
true representation of the mental conditions of the three ? Is 
the difference between the savage and the brute really more 
than twice as great a.s that between the savage and the edu- 
cated European ? Mr. Wallace bids us think of the difference 
in mathematical power between a senior wrangler and an 
average Englishman, and then descend from that to the condi- 
tion of a savage wlio cannot count beyond three or five — of 
the mental wcaltli and vigour implied in forming abstract ideas, 
carrying on chains of complicated reasoning, and transacting the 
manifold business of law, commerce, and politics in our modem 
life on the one hand, and of the meagrencss and poverty of 
savage life on the other, wholly given up to the mere necessities 
of providing daily food— and tlicn say whether the intellectual 
development of the savage is not much more nearly akin to that 
of the lower animals around him than to that of the cultivated 
European. But if so, a large part of his enormous develop- 
ment of brain is simply wasted. He gets no good from it, and 
therefore there is no reason, on the principle of natural selec- 
tion, why it should have grown so large. For natural selection , . 
can only favour the increase of any particular organ just so far ; 1 
as that increiise confers an actual benefit in the struggle for j I 
existence. If the increase of the organ outgrows its use, that 
additional growth is due to some other cause ; for natural selec- 
tion admits no surplusage. 

Nor is the size of the brain the only characteristic in man 
which presents this difficulty. Mr. Wallace applies the same 
line of argument witli great ingenuity to the foot, the hand, 
the voice, and, above all, the higlier mental faculties. All 
these seem to be perfected and specialised far beyond their 
actual needs in savage man. The upright gait of man, “ god- 
like erect,” the delicate capacities of his hand, the vocal 
apparatus capable from tlie first of the exquisite modulations 
which can only be appreciated by the cultivated ear, the moral 
sense, the perception of beauty, the abstract conceptions of 
numlx'r and extension — all these seem wholly out of the range 
of the results that can be accounted for by the preservation of 
useful variations. They all point in a very different direction, 
and lead us on to another stage in ^Ir. Wallace’s argument. 

For it is remarkable that all those peculiarities, which seem, 
like the large brain, to be superfluous, or, like the smooth 
skin, to Ik 3 p«isitivcly injurious, to tlieir first possessor, are 
eminently qualified to lead man on to the heights of being 
which he has subsequently attained. The smooth skin suggests 
at once the necessity of clothes ; the absence of claws and 
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talons, combined with the wonderful capacity of the hand, leads 
naturally to the fabrication of tools and weapons ; the vast size 
of the brain provides a dormant reservoir of intellectual power, 
out of which every need, as it arises, may be met by a corre- 
^sponding contrivance of supply. But all these capacities have 
la reference to the future, and not to the present. In the first 
instance, we see a creature bora into the world weak, unde- 
fended, and unsupplied for the moment, but provided with 
faculties which eminently fit it for a far higher existenee in 
some remote ages and under very different conditions. The 
capacities are given first ; the use of them comes later. They 
do not arise out of the pressure of past necessity ; they are be- 
stowed in anticipation of future wants and for the fmrtherance of 
a future development. But that is the method of final causes, 
which is exactly contradictory to that of natural selection. 
The former looks always forwards, and the latter looks always 
backwards. The one is the method of prophecy, and the other 
of history. The one implies the action of an intelligent and 
forecasting agent, while the other relies wholly on a chain of 
causation — which may or may not have been established in the 
first instance by an intelligent agent, but which, once estab- 
lished, works on blindly and unalterably by itself. This may be 
illustrated by the action of man upon Nature in his own pro- 
vince of artificial selection. When the florist wishes to produce 
a particular variety of flower or leaf, he carefully selects all in- 
dividuals that approximate towards it, guards them from in- 
jurious influences, secures their inter-breeding, and takes them, 
in short, by his protecting care out of the natural conditions 
into which they are born. The pigeon-fancier aiming at a 
special feather, the poultry-breeder desiring to secure plenty of 
eggs, the sheep-farmer cultivating specially, as it may happen, 
wool or mutton, acts in tlie same way. In all these cases an 
ideal is first proposed which is afterwards worked up to. The 
ordinary operations of Nature are defied or counteracted by 
special contrivance in order that the proposed end may be 
gained — that the intended type of anipaal may be, so to speak, 
created. They are all cases, withiif narrow limits, of final 
eauses, in which man’s intelligence is the causer, and the laws 
of Nature the unintelligent instruments. Natural selection 
has, in these cases, to bow before the higher power of human 
selection. The inference which Mr. Wallace draws from the 
‘ line of thought which he has developed — and it seems the only 
possible inference — is that some such superior selection has been 
at work in the production of man. Some higher intelligence 
has exercised over the world at large the same kind of control 
which man displays in his farm or in his poultry-yard. This 
superior intelligence has forced the great life-agencies on the 
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earth out of their natural course for the sake of producing a i 
choice and eminent creature, just as the florist manipulates his . 
roses to produce a Lamarque or a Marechal Niel, or a pigeon- \ 
fancier his birds to bring about a pouter or a fan-tail. Into ' 
the fiuther question of what this mighty Life-fashioner may be, 
or by what other name he may be called, ]\Ir. Wallace does not 
enter, though we may gather, from a passage in which he speaks , 
of “ the controlling action of such higher intelligences,” that ^ 
he does not necessarily identify him with the First Cause of all 
things, but rather inclines to the view that such interference 
with the ordinary course of nature may be due to some unknown 
order of iutelligent existences, the existence of which may help 
to carry our thoughts across the immeasurable chasm which 
separates man from the Infinite and Unconditioned. 

These are thoughts which open vistas of scientific imagina- 
tion in which even Professor Tyndall might find ample room 
to range. If we admit them at all, it is scarcely possible to 
stand still on them. If this overruling and intelligent selec- 
tion has been necessary to produce man, why should it bo 
limited to that single achievement ? A unique and solitary 
interference of this kind is far more inconsistent with any 
philosophical view of creation than an liabitual and regular 
guidance. Mr. Wallace himself puts this forcibly when he 
admits that his theory “ has the disadvantage of rec^uiring the 
intervention of some distinct individual intelligence, to aid in 
the production of what we can hardly avoid considering as the 
ultimate aim and outcome of all organized existence — intellec- 
tual, ever-advancing, spiritual man.” But the disadvantage 
vanishes if he will boldly extend his theory, and allow it to 
include, as he hints in the following sentence, the idea “ that 
the controlling action of such higher intelligences is a neces- 
sary part of the great laws which govern the material universe ; ” 
or, to put it in other words, that intelligent superintendence is 
a perpetual factor in the development of life. Other cases, 
besides man, might easily be brought forward, which present 
similar difificulties in the way of natural selection, and seem 
therefore to require the introduction of this other factor. 
What, for instance, were the steps w'hich led to the production 
of the first mammal, or of the first vertebrate ? It is easy to 
see the superiority of the perfect animal in either case, and its 
consequent fitness as an aim towards which intelligence might 
work, but very difficult to comprehend how the first steps in | 
either direction can have been beneficial to the individual. > 
Some years ago a Scotch clergyman, Mr. Korison, published a 
little book, which has hardly been so widely read as it de- 
served to be, entitled “The Three Barriers.” They were the 
Brain, the Breast, and the Backbone — the symbols of Wisdom, 
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Love, and Powci — wliicli he maint.'vincd to constitute insuper- 
able kirriers in the development of sjiccies by natural selection 
alone. Mr. Wallace lias admitted the difficulty in the case of 
tlie brain ; is he prepared to deny it in the case of the other 
t wo ? He maintains — .so far as appears at present, unanswerably 
— that man cannot have been produced by the unaided power 
of natural selection : does not that raise a strong presumption 
ill favour of the introduction of another agent in other cases 
also ? Ho has marked out very clearly and conclusively the 
limits of natural selection in the origination of species ; can be 
set any limits to tiie controlling and interfering Power which 
he has invoked to fill up the deficiency? 
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I T is now generally admitted that a great many fungi, for- 
merly regarded as good and distinct species, are, in reality, 
only conditions or stages of other forms. It has been proved 
beyond doubt that many species of fungi are truly polymor- 
phic, appearing under different phases. It is, notwithstanding 
all this, most premature and unjustifiable to conclude, as some 
have done, that there are no good species at all, or that there 
is no certainty whatever in the study. Whilst admitting that 
many of our old notions have been overturned, that what at 
one time we hardly deemed possible has been proved to take 
place, we are not prepared to go the length of some, whose 
knowledge of the subject falls far short of their assumption. 
It is not very long since that one writer gravely asserted his 
opinion that all the British species of yEcidium, for instance, 
would be reduced to a single species ; that, in fact, there was 
no sound specific distinction between them. This opinion 
originated probably rather in prejudice than as the result of 
study and investigation. Others have lumped together a host 
of unassociated species, without satisfactory evidence, and 
declared them to be only the same thing under different con- 
ditions. Hasty generalisations in this, as in other cases, 
produce more harm than good. 

It is exceedingly difficult to trace such minute organisms as 
fungi, especially moulds, and to prove, without doubt, tliat 
they are conditions, the one of the other. It is easy enough to 
sow tlie spores of a certain Mucedine on paste, or potato, or 
any other matrix, cover them carefully, and watch the result ; 
then, if the common AspergUliis or Penicillium makes its 
appearance, to some minds it is at once conclusive that the 
said Mucedine is only a condition of Aspergillus or Penicil- 
Uum. Such a conclusion is not only rash, but mischievous, 
and far from the truth. There is no evidence that the Asper- 
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gUlus or Penicillium originated from the spores of the Muce- 
dine which were sown, but perhaps never germinated. When 
two moulds proceed apparently from the selfsame mycelium, 
judgment may be pronounced too hastily, for the mycelium of 
both may be distinct, though interlaced together ; the safest 
conclusion being based on two forms of fruit when developed 
upon the same thread. Beyond this, there is always room for 
doubt. Hence it will be seen how difficult it is to prove 
dimorphism in moulds under such conditions. In many cases 
it is more presumption than proof. These remarks are not 
made with the view of discrediting the conclusions of such 
observers as Professor De Bary and the brothers Tulasnc, but 
rather as a caution against assuming as fact that which is only 
conjecture. 

Messrs. Tulasne, in their splendid work, “ Selecta J'ungorum 
Carpologia,” have given a great number of instances of polymor- 
phism. We have no reason to doubt that in many cases, perhaps 
most, they are quite correct, but even some of their conclusions 
require verification before they can be accepted as established 
fact. As an illustration of the results determined with regard 
to one species by these authors, we may instance the very 
common Spheeria {Ploiospora) hei-barum. It occurs on the 
dead stems of herbaceous plants, on the leaves of some trees, 
and even sometimes on decaying Algce. On pea and bean 
stems it is usually plentiful. In fact, it is almost the commonest 
Spheeria, and easily recognised. The sporidia are, of course, 
contained in elongated, transparent, membranaceous asci ; they 
are of a yellowish-brown or amber colour, ovate-oblong, .and 
divided by numerous septa, with transverse divisions. The 
asci are enclosed wthin carbonaceous perithecia. 

Equally as common, and even more so, is a mould which 
forms sooty or dark olive spots, or patches, on all kinds of 
decaying vegetable substances. This is called CladoaporiuTn, 
herbarum. It may l)e characterised as cosmopolitan, and one 
of the commonest, if not the commonest, of fungi. Under the 
microscope this mould consists of a profuse mycelium, from 
which arise tufts of jointed threads, mixed with elliptical or 
elongated spores, ultimately septate. This mould is one con- 
dition, according to M. Tulasne, of Sphcerla herhai'um. 

Another condition of the same plant is a very pretty mould 
found mixed with, or parasitic upon, the Cladosporium, and 
known as Alternaria tenuis. This species is figured in Corda’s 
“ Prachtflora,” and consists of chains of spores resembling in- 
verted jointed clubs. The joints are also transversely divided, 
as in the Spheeria sporidia. 

A third form of the same species is that named by Rev. 
M. J. Berkeley Macrosporium sarcinula, which is developed 
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on decaying gourds. The spores are clavate, at length some- 
what rectangular, with numerous septa, constricted, and very 
variable, both in size and in the number of cells. 

Besides these, there are certain “ distinct papillate, or bottle- 
shaped cysts, which contain naked spores, capable of germina- 
tion.” ^ that altogether we have five different forms of fungi, 
all of which are but stages or conditions of one and the same 
thing. It is very probable that, in addition to these, spermatid, 
may also hereafter be discovered, or traced to some already 
known Coniomycetous species. From this example it will be 
readily imderstood what we mean when writing of “ polymor- 
phic fungi.” 

Having thus, as it were, defined our terms, we will proceed 
to notice two instances of apparent polymorphism which have 
come before us. We say “ apparent” advisedly, because in the 
second instance only suspicions can be predicated. Some two 
or three years ago we collected a quantity of dead box-leaves, 
on which grew a mould named by Link PenicUlium roseum. 
This mould has a roseate tint, and occurs in patches on the 
leaves; the threads are erect and branched above, bearing 
oblong, somewhat spindle-shaped, spores. When collected 
these leaves were examined, and nothing was obserA'ed or noted 
upon them except the PenicUlium. After some time, certainly 
between two and three years, during which the box remained 
undisturbed, circumstances led to the examination again of 
one or two of the leaves, and afterwards of the greater number 
of them, and the patches of PenicUlium were found to bo 
intermixed with another mould of a higher development and 
fer different character ( PI. LXVIII. fig.5). This mould, or rather 
Mucor, for it belongs to the Mucorini, consists of erect 
branching threads, many of the branches terminating in a 
delicate, globose, glassy head, or sporangium, containing 
numerous very minute subglobose sporidia. This species has 
been named Mucor hyalinus. The habit is very much like 
that of the PenicUlium, but without any roseate tint. It is 
almost certain that the Mucor could not have been present 
when the PenicUlium was examined, and the leaves on which 
it had grown were enclosed in the tin box, but that the Mucor 
afterwards appeared on the same leaves, sometimes from the 
same patches, and from the same mycelium. The great dif- 
ference in structure of the two species lies in the fructification. 
In PenicUlium, oi which the figure 4 of our plate (PI. LXVHI.) 
is a good illustration, the spores are naked, and in moniliform 
threes, whilst in Mucoi- the spores are enclosed within globose 
membranous heads or sporangia, as shown in fig. 5. The 
moulds, or Mucedincs, to which PenicUlium belongs, are 
included in one of the large family of fungi termed Hypho- 
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myeetes, and the Mucors bclon" to another family, tlie Physo- 
mycetes. We entertain no doubt whatever tliat the Mucor, to 
which we have alluded as growing on box-loaves, intermixed 
with Penicillium roseum, is no other than the higher and 
more complete form of tliut species, and that the Penicillium 
is only its conidiiferous state. The presumption in this ca.se is 
strong, and not so open to doubt as it would be did not ana- 
logj’ render it so extremely probable that such is the case, 
apart from the fact of both forms springing from the same 
mass of mycelium. In such minute and delicate structures it 
is very difficult to manipulate the specimens so as to arrive at 
positive evidence. If a filament of mycelium could be isolated 
successfully, and a fertile thread, bearing the fruit of both form.s, 
could be tmeed from the same individual mycelium thread, 
the evidence would be conclusive. In default of such conclu- 
.sivo evidence, wc are compelled to rest with tlie assumption 
until further researches enable us to record the assumption as 
fact. 

In Lewis's recent “ Report on Microscopic Objects found in 
Cholera Evacuations” (Calcutta, 1870), a similar instance of 
presumed dimorphism between precisely the same genera is 
thus recorded. “On a preparation preserved in a moist chamber 
on the third day a white speck was seen in the surface consist- 
ing of innumerable ‘yea.st ’ cells wdth some filaments, branch- 
ing in all directions. On the fourth day tufts of Penicilliuni 
had developed — two varieties, P. glaucum and P. viride. This 
continued until the ninth day, when a few of the filament.* 
springing up in the midst of the Penicillium were tipped with a 
dew-drop like dilatation, excessively delicate — a mere distended 
pellicle. In some cases they seemed to bo derived from the 
sjime filament as others bearing the ordinary branching spores 
of Penicillium, hut of this I could not be positive. This kind 
of fructification increased rapidly, and on the fom-teenth day 
,<<porea had undoubtedly developed within the pellicle, just as 
had been observed in a previous cultivation, precisely similar 
revolving movements being also manifested.” Here we have 
another example of a Mucor developed from a Penicillium, and 
one observation strengthens and confirms the other. 

Before entering upon the details of the second apparent 
polymorphism, it may be as well to give some particulars of 
the circumstances under which the fungi appeared. It was 
our fortune — good fortune as far as this investigation is con- 
cerned — to have a portion of wall in our dwelling persistently 
damp for some months ; it was close to a cistern that became 
leaky. The wall wus papered with “marbled” paper, and 
varnished. At first there was for some time — perhaps months 
— nothing wortliy of observation exeept a damp w-all ; decidedly 



Digitized by Google 




roLTMOKrmc fungi. 



29 



(lamp, discoloured, but not by any means mouldy. At length, 
and rather suddenly, patches of mould, sometimes two or three 
inches in diameter, made their appearance. These were at 
first of a snowy whiteness, cottony, and dense, just like large 
tufts of cotton wool, of considerable expansion hut of miniature 
elevation. They projected from the paper about a quarter of 
an inch. In the course of a few weeks the colour of the tufts 
became less pure, tinged with an ochraceous hue, and re- 
sembling wool rather than cotton, less beautiful to the eye or 
a lens, and more entangled. Soon after this darker patches 
made their appearance, smaller, dark olive, and mixed with, or 
close to, the woolly tufts ; and ultimately similar spots of a 
dendritic character either succeeded the olive patches, or were 
independently formed. Finally little black halls, like small pin- 
heads, or grains of gunpowder, were found scattered about the 
damp spots. All this mouldy forest was more than six months 
under constant observation, and, during this period, was held 
sacred from the disturbing influences of the housemaid’s broom, 
being consigned to the master’s care with little compunction, 
but occasionally it became the subject of remarks not altogether 
flattering either to the wall or the moulds, or the master 
who was protector and patron of such a wretched mess. 

Curiosity prompted us from the first to submit the mouldy 
denizens of the wall to the microscope, and this curiosity was 
increased week by week, on finding that none of the forms 
found vegetating on nearly two square yards of damp wall 
could be recognised as agreeing specifically with any described 
moulds with which we w'ere acquainted. Here was a problem 
to be solved under the most favourable conditions, a forest of 
mould indoors, witbin a few yards of the fireside, growing quite 
naturally, and all strangers ; could they all be related, or if 
not, why should all of them appear on that wall for the first 
time ? Whence could these new forms proceed ? Were they 
a new creation? Were they only other conditions of very 
common things? Certainly here was material for much reflec- 
tion, perhaps some speculation. Some of the problems are 
still unsolved. 

The cottony tufts of white mould which were tlic first to 
appear had an abundant mycelium, but the erect threads which 
sprung from this were all for some time sterile (PI. LXVTII. fig. 
1); they were slender, \t*ry delicate, jointed, and branched ; so 
interlaced that it was difficult to trace tlie threads throughout 
their length, or to separate them from each other. Fertile 
threads were then developed in tufts mixed with the sterile 
threads, or individual fertile threads appeared amongst the 
sterile. These latter were rather shorter and stouter, also 
sparingly branched, but beset throughout nearly their whole 
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length with short, patent*, alternate (mostly) branchlets. The 
hranchlets were broadest towards the apex, so as to be almost 
clavate, and the extremity was beset with two or three short, 
spicules (PI. LXVIII. fig. 2). Each spicule was surmounted by 
an obovate spore («) attached to the spicule by its smallest end 
(PI. LXVIII. fig. 3). The presence of fertile threads gave the pale 
ochraceous tint to the tufts already alluded to. This tint was 
so slight that perhaps it would have passed imnoticed but for 
the proximity of the snow-white tufts of barren threads. The 
fertile flocci, it may be from the weight of the spores, were 
decumbent, hence the fertile tufts were not much elevated above 
the surface of the matrix. 

This is a most interesting mould belonging to the order of 
Mucedin^, but it seemed to agree so little with the characters 
of any known genus, that, on distributing specimens last year, 
it was placed provisionally in a new genus under the name of 
Clinotrichum lanosxim; * since then, with the advice of some 
mycological friends, it has been referred to the old genus 
Rhinotrichinn, as Rkinotrichum lanosuvi. Without entering 
here upon the reasons which led to this course, or attempting 
to discuss generic and specific distinctions, it is sufficient to 
indicate that the mould in question possessed such positive 
characters, and was so different from all recognised forms, that it 
not only had claims to be regarded as a distinct species, but it 
still remains doubtful whetlier it should not constitute the 
type of a new genus. 

The mould above described having become established for a 
week or two, small blackish spots made their appearance on the 
paper, sometimes amongst thin patches of the mould and some- 
times outside them. These spots, at first cloudy and indefinite, 
varied in size, but were usually less than a quarter of an inch in 
diameter. The varnish of the paper was afterwards pushed oflf 
in little translucent flakes or scales, an erect olivaceous mould 
appeared, and the patches extended to nearly an inch in dia- 
meter, maintaining an almost universal circular form. 

This new mould sometimes possessed a dirty reddish tint, 
but was commonly dark olive. There could be no mistake 
about the genus to which this mould belonged ; it had all the 
essential characters of PeniciUium. Erect jointed threads, 
branched in the upper portion in a fasciculate manner, and 
bearing long bead^ threads of sjx>res, which formed a tassel- 
like head, at the apex of each fertile thread (PI. LXVIII. fig. 4). 

* CLtsoTKicnuR, ffeti. nov. Ilypbasma creeping; fertile flocci septate, 
decumbent, simple, or branched ; brancblets alternate, patent, short, bearing 
at their tips a few spores attached to short spicules ; spores simple. Type, 
Clinotrichum lanoium, — Cooke, JFunffi Brit, Bxs. No. 356. 
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For the benefit of the mycologist, we may observe that, although 
at first reminded of the Penicillium olivaceum of Corda by 
the colour of this species, it diflfers in the spores being oblong 
(PI. LXVIII. fig. 4 b), instead of globose, and the ramifications 
of the flocci are different. Unable again to find a described 
species of Penicillium, with which this new mould would agree, 
it was named PeniciUium ckartarum. 

Almost simultaneously, or but shortly after the perfection of 
the spores of the Penicillium,, other and very similar patches 
appeared, distinguished by the naked eye more particularly by 
their dendritic form (PI. LXVIII.fig. 6). This peculiarity seemed 
to result from the dwarfed habit of the third fungus, since the 
varnish, though cracked and raised, was not cast off, but re- 
mained in small angular fragments, giving to the sjiots their 
dendritic appearance, the dark spores of the fungus protruding 
through the fissures. This same mould was also found in many 
cases growing in the same spots amongst Penicillium charta- 
rum, but whether from the same mycelium could not be deter- 
mined. 

The distinguishing features of this fungus consist in an 
extensive mycelium of delicate threads, from which arise 
numerous erect branches, bearing at the apex dark brown 
opaque spores. Sometimes the brandies are again shortly 
branched, but in the majority of instances are single. The 
spores are septate, sometimes with two, three, or four divisions, 
many of them again divided by cross septa in the longitudinal 
direction of the spore, so as to give a muriform appearance. 
As far as the structure and appearance of the spores are con- 
cerned, they are very similar to those of Sporidesmium poly- 
rnorphum; consequently specimens were published as a variety 
of that species, but the accuracy of this determination is open 
to very grave doubts. The mycelium and erect threads are 
much too highly developed for a good species of Sporidesmium, 
and certainly so for the species to which they were referred, so 
that in the “Handbook of British Fungi ” it is named Spoi'i- 
desmium alternaria, for reasons hereafter detailed (PI. LXVIII. 
fig. 7). 

Preuss has described, in “ Sturm’s Flora,” a species of Alter- 
naria in which the spores are attached end to end in a beaded 
manner, as in other species of that genus, and the spores them- 
selves are just of the character of the spores of our Spondes- 
rnium, as will be seen by reference to the plate and comparison 
of figiu-es 8 and 9. Preuss’s Alternaria, which he calls char- 
tarum, was also developed on paper, and it is not improbable 
that it is a more highly perfected form of the Sporidesmium 
in question. This view is strengthened by the appearance of 
freshly collected specimens of the Sporidesmium, in which, as 
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seen by a half-inch objective, the spores seem to be moniliform ; 
but if so, the attachment is so slight that all attempts to see 
them so connected when separated from the matrix have failed. 
On one occasion a very inimature condition of the Spor 'ulesmhi m- 
was examined containin'? simple beaded spores (PI. LXVIII. 
tif?. c) connected by a sliort neck. There is therefore some 
foundation for lielievin^ that the spores of this species are at 
first hyaline, simple, and connected together in a moniliform 
manner by a short apiculus ; but, as subsequent search did 
not reveal any further corroborative evidence, it can only be 
considered probable. Finally, Mr. C. E. Broome, to whom 
specimens of the Sparidesniium were submitted, confirmed the 
observation that, wlien seen in situ, the spores seemed to Ije 
beaded. 

The last production which made its appearance on our wall- 
paper burst through the. vaniish as little black spheres like 
grains of gunpowder. At first the varnish was elevated by 
pressure from beneath, then the film was broken, and the little 
blackish spheres appeared. These were, in the majority of 
instances, gregarious, but occasionally a few of the spheres ap- 
jx-ared singly, or only two or three together. As the whole 
surface of the damp paper was covered by these different fungi, 
it was scarcely jiossible to regard any of them as isolated, or 
to declare that one was not connected with the mycelium of 
the otliers. The little spheres, when the paper was torn from 
the wall, were also growing from the under surface, flattened 
considerably by the jiressiire. We shall call this species, for 
the sake of distinction, Spheeria cyclospora. The spherical 
Iwdios, or perithecia, were seated on a plentiful colourless 
mycelium. The walls of the perithecia, rather more car- 
bonaceous than membranaceous, are reticulated, bringing to 
mind the same structure in Erysiphe, to which the perithecia 
Ix'ar considerable resemblance. The ostiolum is so obscure 
that we could not lx? satisfied of its existence, or whether the 
perithecia are ruptured when mature. It is rather from ana- 
logy than positive evidence that the name of Spha>ria is given 
(1*1. LXVIII. fig. 10). The interior of the perithecia is occupied 
byagelatinous substance consisting of long cylindrical sacs orasci, 
each containing eight globose, colourless sporidia (PI. LXVIII, 
fig. 1 1 ). Tliese arc accompanied by slender branched threads, 
called paraphyses, supposed to be abortive asci. At first, and 
for some time, the perithecia contain only a granular mass, at 
length mixed with paraphyses. The contents of the fertile 
asci are also at the first granular, and finally the sporidia are 
perfected. 

We have now described, as fully as seemed to be necessary, 
the four forms of fungi which vegetated during last winter and 
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spring on our damp wall. What presumption have we that 
they belong to one and the same fungus — direct evidence there 
is none — or should they be regarded each as autonomous ? M'e 
have already intimated the difficulties which beset all attempts 
to obtain positive evidence in such cases. Already too many 
theories have been based on or supported by supposed results 
from the cultivation of fungi spores. ISIany ridiculous assertions 
have been made by those who have thus exhibited their 
thorough ignorance of even generic distinctions, to say nothing 
of more complex relations in my cologic science. Still we are 
by no means prepared to doubt that many of the recorded cases 
of poljrmorphism will ultimately be proved to be fact, and that 
many more will yet be discovered. We would admit that it is 
possible that none of the species, now included in the two great 
families of Coniomycetes and Hyphamyceies are autonomous. 
But, because it is possible, it by no means follows that we are 
prepared to condemn them by wholesale, or to admit that 
there is at present any evidence for doubting the autonomy of 
some entire genera. In the present condition of the study, 
and in the face of some startling facts,' it is important that all 
observations should be recorded which bear upon the subject 
of polymorphism, whilst great care ought to be exercised in 
the declaration of positive judgment. 

Reviewing the instances of association above recorded, and 
we should prefer, for the present, calling them association 
only, the mind natiually reverts to other and similar recorded 
instances. Supposing the whole of the four forms described 
above to be conditions of Sphoiria cyclospora, there is no 
greater faith needed to believe it true than in the case of 
Sphan'ia kerbarum. If Altemaria tenuis is really a condition 
of a Sphcci~ia, why not Altemaria chatiamm? If Altemaria 
be associated with Cladospoi'ium, why not with PenicilHum ? 
Or if Sparklesmium epochnum, why not Sporidesmium poly- 
morphum ? And as for Rhinotrichum and PenicilHum, it is 
just as possible for these to be polymorphic, as for Dactyl ium, 
Dendi-yphium, and Veiiicillium. When the presumption is 
confirmed by repetition, and more positive relations, there can 
be no doubt of a much more ready acceptance of their polymor- 
phism than there would have been prior to the investigations 
of the Messrs. Tula.sne and De Bary. 

In this communication our remarks have related more parti- 
cularly to the moulds, since attention has of late been directed 
to them in consequence of the supposed discoveries of certain 
German theorisers. It requires no little patience to compre- 
hend the relations of Aerospores, Schizosporangia, Aniierospores, 
Aeroconidia, Thecaconidia, Aniieroconidia, and similar novelties, 
or to relish philosophy like the following recent importation : — 
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“ Another most important vihrionic process— and which is as 
vet equally unknown to didactic science — is that of massive 
vihrionic co-cementation, as we find it, e.g. as a mass of 
‘ matted ’ interlaced or entangled, and as it were ‘ coagulated ’ 
vibrios, e.g. in the ‘ mother of vinegar,’ or ‘ phycomater : ’ 
forming a tough and apparently fibreless gelatine, uniform in 
all directions, and whence on the surface of the vinegar — as 
from the fetid scums of our hydrant-water likewise — little 
sprigs, like air-vesicles, become manifest, and that, rapidly en- 
larging in hulk and lengthwise, from their ramified fibre (and 
which under water readily dissect into '■ yeast' joints^ erect 
the blue tufted ‘ pencils ’ — of globular-beaded sinyle-filespores 
borne on fascicled joints — directly into the air. After being 
swelled by moisture, these beadlets become oval and, being ex- 
posed to the air, thick-coated. When such swelled and in- 
durated spores of the blue pencil-tufts so abundantly found on 
rotten apples, lemons, sweet potatoes, old cheese, &c., drop off 
into the water or a fermentable liquid, they often directly 
enlarge into stemless, floating g}ohn\&r see/l-sporanqi a (mucor) 
containing the blackish, globular seed within the leathery 
mucor vessel. But when such blue tuftlets (‘ Penicillium glau- 
cum,’ ‘ crustaceum,’ &c.), e.g. as forming floating islets on old 
coffee and tea -decoct ions, lK*come entrained ‘ under water,’ the 
beadlets become confluent by macerating their coats, and, 
under cover of an exuded floating scab, the whole vihrionic 
mass of liberated contents now constitutes a polypous, ivriqgling 
pulp — like crawling snods — and each constitutive vibrio (in- 
dividually coated and forming a sort of short, vibratile sprig, 
called a ‘ Ixicterium ’) by individual lengthwise growth increases 
into a short automatously travelling and afterwards exceedingly 
long, but still as fine ‘ Icptomitous ’ or individual fibre of the 
‘ mephitic ’ water-rot of our pools and gutters ” ! * Such a 
lucid (?) explanation of polymorphic fungi as this extract 
contains can scarce fail to commend itself ; the marvel is that 
the whole subject has not l>een cast aside by intelligent men a« 
quite unworthy of serious attention. 

W e are unable, within the limits prescribed for this article, 
to explain the relations w'hich subsist between such fungi as 
the “ red-rust ” and “ mildew ” of com, and the barberry “ clus- 
ter-cups ; ” or between the yellow nist and the black brand of the 
bramble and rose. In other words, the polymorphism of the 
Urexlines and their allies. This is less to be regretted, since 
there has not, during the past four or five years, been any im- 
portant additions to our knowledge on this subject, and what 

* “ The Zymotic Fungus.” Experimental Investigations by Dr. T. C. Ilil- 
gard. St. Louis, Mo. 
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had previously been discovered and illustrated is very generally 
known. 

If we arc asked what deductions we are to make from the 
facts proved and the presumptions admitted, but not proven, 
we may answer briefly — that the tendency of recent discoveries, 
in the relations of one form to another amongst fungi, is to 
demonstrate that reproduction is not so simple a process in 
these low conditions of plant life as had hitherto been supposed. 
“ This it is, and nothing more.” 

At one time the word “ spore ” represented the only recognised 
organ associated with the multiplication of fungi. Male 
organs or fecundative power was now and then mysteriously 
alluded to, but until recently all reproduction was supposed to 
be confined to a kind of germinative bud which was termed a 
spore. Each fimgus was held to be perfect in itself, and re- 
produced itself, with no relation to any other individual, by 
this means. The change of opinion amongst mycologists is 
manifested, as much as anything, in the new terms, or the ap- 
propriation of terms from other cryptogams, now in vogue. 
Conidia, spermatia, oospores, zoospores, pycnidia, protospsares, 
&c., all relate to organs but recently recognised in fungi. 
And, however much we may qualify the fact, however much we 
may doubt the evidence in special cases, we cannot ignore the 
conclusion that reproduction is very complicated, although 
very little understood in these extraordinary plants. Whilst 
admitting that the Cladonporium and the Macrosporium, the 
AUenuii'i^i, bottle-shaped cysts, and minute spermatia are all 
so intimately related with a certain species of Sphcvrki, that 
they can no longer be regarded as plants with a distinct 
autonomy and independent existence, we are unable to explain 
the relations which one bears to the other, or by what means 
each exerts its influence. The field for observation and research 
is a large one, and promises a rich reward ; all that is required 
is earnest and careful workers, in which this, of all European 
countries professing to be scientific, has hitherto been most 
lamentably deficient. How long shall such a reproach continue ? 



EXPLANATION OF PLATE LXVUI. 

Fio. 1. Dattcxi ihresd o( Rhiuolrtchiim lanotiim. 

„ 2. Fertile thread of lihinotrichum hnostim. 

„ 3. Portion of fertile thread of Rhinotnehum lanosum, showing one of 
the bmnchlets with terminal spicules bearing the spores; a, a 
spore detached. 

D 2 



Digitized by Google 




36 



rOPULAB SCIENCE BEVIEW. 



Fio. 4. PcnicilUum chaiiaruni, considerablj- ningiiilieJ ; b, portion cf cliain 
of spores. 

„ r>. Fertile thread of Mucor hyaltnu*, bearing fpornngin. 

„ 0. Dendritic patch of Sporidesmium alieninna, Batumi size, showing 
its habit. 

„ 7. Mode of growth of Sporidesmiam aliminria, showing myceliiim 
with erect thre.".ds and spores ; c, supposed early condition of 
spores of the same. 

„ 8. Part of chain of spores of AUernaria chartanim of Preuss. 

„ 9. Spores of Sjmridetmium altemann, 

„ 10. Perithecium of Spharia iyclo»pora. 

„ 11. .\sciis with sp India and paraphysis of Sph'ti iti cychtf^iorn. 
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THE ECLIPSE EXPEDITION’S. 

Br RICHARD A. PROCTOR, B.A., F.R.A.S. 
Autoor of “The Srx,’’ ‘‘Other 'Worlds,” “Saturs," &c. 



B y the time these lines are read the results of the four expe- 
ditions which have been sent out from England to view 
the total eclipse of December 22 , 1870, will probably be known 
throughout the greater part of Europe. To consider the pro- 
bable nature of those results may therefore seem out of place 
and ov'er-venturesome ; while to discuss what preceded the 
setting forth of those expeditions may seem a waste of time, 
since nothing that can now be said, whether in the way of 
praise or censure, can affect the result. Yet it appears to me 
that this is the proper time and a suitable place for a brief 
discussion, both of the probable results of the eclipse expedi- 
tions, and of the circumstances which happened before those 
expeditions left our shores. As respects, in particular, the last 
of these subjects, considerations of the utmost moment to the 
scientific world, or at least to scientific Englishmen, are at 
issue. We are passing through a period of transition ; and 
though there can be little question what will be the ultimate 
issue of the changes now in progress, though almost certainly 
a few years will place science in this country on a more satis- 
factory footing than at present, yet it is well to watch the signs 
of the times, to note the working of the old system, and to 
estimate rightly the great need there is of change. 

Some eight months since, astronomers were beginning to 
urge the importance of making due preparation for the eclipse. 
It was felt that after what the American astronomers had done 
last year, England was bound to show her zeal in the cause of 
astronomy by sending parties to observe this European eclipse. 
Few expected at that time that the Americans would set com- 
petition (at least in this cas<5) at defiance, by crossing the 
Atlantic in force, and doing here in Europe what we had not 
thought of doing last year in America. But it seemed clear to 
all that we were bound at least to observe our own eclipses — to 
to describe eclipses visible at Emopean stations. 
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Now, at the very beginning, the impression was conveyed by 
those astronomers who are supposed to be officially connected 
with the Government, that it would be only as by an act of 
grace that Government aid woidd be granted. Those who were 
present at the meetings of the Astronomical Society, for 
example, when the subject of those expeditions was mooted, 
were painfully struck by the tone which pervaded the official 
communications addressed to that body. Astronomy appeared 
in the light of an importunate beggar about to renew her 
troublesome applications ; while, though a hope was expressed 
that some assistance might be wrung from the Government, it 
was left to be clearly understood that the grant would be re- 
garded as an act of great grace and condescension. 

It is necessary, indeed, to point out that in all this a grave 
injustice was done to the Government. The real opinion of 
those in power was never really ascertained until much later. 
But whatever the cause may have been, certain it is that the 
impression conveyed during these preliminary discussions was, 
that Science — as represented fur the nonce by Astronomy — 
hiid occasion to approach the powers that be in the garb of 
humility and self-abasement, to plead very earnestly if she 
would gain a small modicum of help, and to be well content 
with whatever the Government might be disposed to give her. 

This, let us proclaim it at once and loudly, is not the 
proper attitude for Science. If she must needs come as an 
applicant, she should come as the .Sibyl of old, giving clear 
intimation that what she offers is worth more,a hundred-fold, than 
what she demands. .She should come as conscious that what 
she asks is to be the benefactress of the human race. To quote 
Professor I'yndall’s noble words : — “ Science does not need 
the protection of men in power, but desires their friendship on 
honourable tenns. By continuing to decline the offered hand, 
they will be invoking a contest which can have but one result. 
.Science must grow. Its development is as necessary and as 
irresistible as the flowing of the tides, or the motion of the 
Gulf Stream. It is a phase of the energy of Nature, and as 
such is sure, in due time, to compel the recognition, if not to 
win the alliance, of those who now decry its influence and dis- 
courage its advance.” 

But so timid were the men of science to whom the task of 
approaching the Government fell, that their voice was for 
many weeks — invaluable weeks — altogether unheard. It 
pleased them in the first place to apply to the wrong depart- 
ment, and in the wrong way. Certainly the mode of applica- 
tion was that which had been adojtted in former years ; but 
there have of late been changes, and the old mode of applica- 
tion was as little likely to be effective as the plan of posting 
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letters (in the first convenient chink) adopted by Mrs. Tadgers’s 
old woman-of-all-work. Nearly fifty days elapsed, during which 
no reply whatever was received ; and then a reply came which 
implied — as far as this wrong department was concerned — a 
flat refusal. 

If this result had been made public at once, it is probable, or 
rather, it is certain from what actually followed, that the 
greater part of the mischief might have been remedied. But 
the old fear of giving oflfence to those in power appears to have 
operated, and only gradually, and in an unoflficial manner, the 
public learned that (as it seemed) Government had withdrawn 
the light of its coimtenance from the science of our day. Then 
the natural result followed. The public press — the Daily News 
leading the way — appealed loudly against the supposed decision 
of the Government. To the public press, and to the public 
press alone, it was owing that Government changed their mind, 
if even it was not through the public press alone that Goveni- 
ment first really heard what was required of it. Then one 
would have supposed that the committee of scientific men ap- 
pointed to deal with the matter would have sent in appeal 
after appeal until the required assistance was obtained. But 
something quite diSerent took place. Those who managed the 
committee waited until Government itself intimated its readi- 
ness to consider the proposals of astronomers. Even then the 
committee were in no haste to act. “ As quickly as their con- 
stitution permitted,” to use the euphemistic expressions of the 
Astronomer Royal, or, in other words, after wasting a fortnight 
of most valuable time, they sent in a new application ; and 
this they did so gently that when, a week later, Mr. Lockyer 
applied directly to the Chancellor of the Exchequer, he found 
Mr. Lowe in complete ignorance that anything was wanted 
from the Government. 

It was now the second week in November; the eclipse some 
six weeks off. The sum of two thousand pounds and the means 
of transport had been promised by the Government, but it seemed 
likely that the grant would be of little use, since so short a 
period remained for organisation. Six months had dwindled 
down to six weeks. Not only had the actual work of organisa- 
tion been thus left to be completed in a space of time alto- 
gether inadequate, but those who had volunteered to join the 
expedition, and who had all this time been in doubt whether 
their services would be required or not, had now little time left 
to prepare themselves for the work they desired to perform.* 

* I will mention one instance out of many that I know of to illustrate the 
mischievous effects of the delay. Mr. W. II. II. Hudson, M.A., a Fellow of 
St. John's, and a verj' skilful mathematician, had proposed to study the 
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As to tlic work porformecl by the organising committee in 
tlie brief interval which now remained, I do not care to say 
much. That there were shortcomings cannot be denied. Con- 
tradictory directions were sent by post and telegraph.* Eminent 
men of science, learaed Fellows of colleges, and disinterested 
volunteei-s in tlie cause of a.stronomy, received telegrams so 
emt, and even impertinent in tone, as to have justified their 
withdrawing wholly from the work they had volunteered to do.f 
Ibit then it must l>e remembered that the work of months was 
being crowded into weeks, and that a large part of the blame 
sliould in jiLstice be removed from the inferior officers who had 
to superintend this part: of the work, since it was certainly not 
their fanlt that the time at their disposiil was so limited. 

To sum up this more painful part of my subject, there was 
complete mismanagement from beginning to end. To whom 
we sliould ascribe the blame of theyitisco (for let the success of 
the expeditions themselves be what it may, the preparations 
were a complete ji(isco) it would be difficult to say. We can- 
not rightly place the blame on the shoulders of the Astronomer 
Koval, whose official duties at Greenwich would have justified 
him in leaving the matter wholly to others. And again, the 
names of many in the committee — as General Habine, Messrs. 
Lassell and De la Kue, Colonel Htrange, Dr. Huggins, and^so 
on — are guarantees of an earnest regard for scientific interests. 
And as for the rank and file of the committee, if I may be 
permitted the expression, it is well known that the matter was 
taken comjiletely out of their hands. But somewhere there 

corona with the polariscope. In order to do this the more elTectually, 
he had intended, if the expeditions were decided on, to devote a large por- 
tion of the long vacation to making himself practically familiar with polari- 
scopic nnulysis. He received definite intimation that his services would lo 
accepted on Xov. ; that is, in the heart of the October term (the busiest 
term of nil at Cambridge), when his whole time was taken up with lectures 
and the work of preparing questionists for the tripos of the present month. 

It is not too much to s.iy that the actual efficiency of the observing 
parties has been reduced by much more than one-hnlf, through the delay 
which resultevl from the “weakly constitution of the committee” oppointed 
to manage matters. 

* I was myself present when Mr. Brothers, of Manchester, received within 
a few minutes three contradictory sets of instructions, one by post and two 
by telegraph. 

+ In cne instance, a Fellow of n college received a telegram so remarkable 
in tone, from a member of the organising committee, ns to be obliged to 
intimate that even the curtness of tclegram-English would not'justify the 
rudeness he had been subjected to. It is only right to add,Jhowever, that 
the courtesy of the honorary secretary of the committee was favourably com- 
mented upon by nil who received communications from him. 
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must have been a leaven of undue subservience to the powers 
tliat be, and unfortunately this leaven “ leavened the whole 
lump.” 

Let us turn to a pleasanter subject. 

The course of the moon’s shadow duriu" the eclipse is some- 
what remarkably curved, so that, though crossing the southern 
part of the Spanish Peninsula towards the west, and Sicily and 
the South of Turkey towards the east, it yet dips southward 
into Algeria and Tunis. The expeditions have been so planned 
as to take adv.antage of this peculiarity. The wcatlier in Spain 
is not likely to resemble that in Sicily; wliile in .\lgeria it is 
probable that a totally different condition of weather may pre- 
vail than at any of the European stations. 

The chances of the parties at Cadiz and Gibraltar arc pro- 
bably about equal. 

The Cadiz party is under the charge of the Kev. Fr. Perry, S..1. 
Here three classes of observation arc to be made. There will 
be spectroscopic obsers-ations of tlie corona, by Fr. Perry, assisted 
by Mr. Hostage and by Mr. Abbay. The polariscopic observa- 
tions will be made by Mr. Hudson, iM.A., Fellow of St. Jolin’s 
College, Cambridge, and by IMr. Moidton, H.A., of Trinity. 
Both these gentlemen are skilful mathematicians, and familiar 
with the theory of polariscopic analysis, w'liich indeed forms a 
part of the Cambridge mathematical course. Sketches of the 
corona are to be made by ^lessrs. Naftel, Smyth, Penrose, and 
Collins ; while Captain Toynbee superintends the chronomctric 
arrangements. 

The Gibraltar party is in charge of Captain Parsons. Spec- 
troscopic observations will be made by iMessrs. Carpraael and 
Gordon. ^lessrs. Lewis and Ladd superintend tlie polari- 
scopic work. ilr. Hunter and two Gxford undergraduates will 
sketch the corona. But at this station other observations are 
to be made. The planet Saturn will be close by the sun, and 
Messrs. Talmage and Maclear propose to examine very carefully 
the appearance pre.sented by the planet under these circum- 
stances. Professor Thorpe, formerly of Owen's College, Man- 
chester, and now of Glasgow, will study the changes in the 
chemical activity of the sun’s light during the eclipse : and, if 
possible, during totality, he will endeavour to estimate the 
quality of the corona’s light in this respect. Lastly, ^Ir. Buck- 
ingham, assisted by 3Ir. Spiller, will apply a very powerful 
telescope to obtain photographs of the eclipsed sun. 

The only other European party is that which is to view the 
eclipse from the neighbourhood of Syracuse. This party is a 
remarkably large one. It is in charge of Mr. Lockyer. Several 
series of spectroscopic observations are to be made. Profe.ssor 
Roscoe, assisted by Mr. Bowen, will conduct one series ; Mr. 
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Lockyer, assisted by Idrs. Lockyer, a second ; Mr. Seabroke, 
assisted by Mr. Burton, a third ; and Mr. Pedlar a fourth. 
Messrs. Kanyard, Griffith, and Clifford will superintend the 
polariscopic observations ; Messrs. Brett and Darwin will make 
sketches of the corona ; while Messrs. Vignolles, father and 
son, will superintend the chronometric arrangements, and make 
general observations. But, probably, the most important work 
done at this station — if the weather is favourable — will be that 
superintended by Mr. Brothers, one of our most skilful photo- 
graphers. Assisted by Dr. Vogel and Mr. Fryer, he hopes to ob- 
tain two series of views, one by means of one of the Sheepshanks’ 
equatorials, belonging to the Royal Astronomical Society ; the 
other by means of a photographic camera of his own. 

I have kept to the last the strongest party of all ; that, 
namely, which, under the charge of Dr. Huggins, proceeds to 
Oran, in Algeria. Here the duration of totality will be only 
three seconds less than the actual maximum. The name of 
Dr. Huggins is alone a guarantee that the spectroscopic study 
of the corona will not only be conducted skilfully, but with a 
most careful reference to strict scientific principles. He is in 
alliance, however, with other eminent physicists. Professor 
Tyndall and Dr. Gladstone are with him. Mr. Crookes joins 
in the spectroscopic work. Captain Noble and the Rev. F. 
Hewlett will see tliat proper portions of the corona are brought 
upon the slit, while these two practised observers will have at 
the same time tlie opportunity of viewing the image of the 
corona on the screen in which the slit is made. This screen is 
covered witli rectangular cross-lines, and the true shape of the 
corona will thus admit of being very readily noted. All the 
arrangements for viewing the spectrum of the corona and re- 
cording the place of any lines which may appear have been 
superintended by Dr. Huggins, at whose house I had the plea- 
sure of inspecting them thoroughly. I cannot doubt that the 
actual observations — to be made severally by Dr. Gladstone 
and Mr. Crookes — will be successful, if the weather only be 
favourable. Dr. Huggins himself — after seeing before totality 
begins that the adjustments are properly made — will devote 
his attention to the telescopic study of the corona. I have 
dwelt so much on the importance of keeping the eyes in dark- 
ness for a few minutes, at least, before totality begins, that I 
need hardly remark how well pleased I have been to find that 
so eminent a physicist and so skilful an observer intends to adopt 
this precaution. I attach very great importance to this fea- 
ture of Dr. Huggins’s plan ; since very little could, I think, 
have been expected from the mere renewal diuing this eclipse 
of observations which have been made repeatedly during former 
eclipses of greater extent and importance. 
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The polariscopic observations at Oran are to be made by Mr. 
Carpenter, of the Greenwich Observatory. 

As regards the results which are to he expected from th.cse 
four expeditions, supposing the weather to he favourable, it 
does not seem to me difficult to form an opinion. 

In the first place, it must not he concealed that, in this as in 
all former eclipse expeditions, no inconsiderable proportion of 
the suggested observations are likely to be of no practical 
utility wliatever. For example, there can be no question that 
all the observations which are directed solely to determine 
whether the corona is a solar appendage will simply involve a 
waste of labour. It has been a misfortune that any doubts 
should have been started respecting a matter so thoroughly de- 
monstrated ; but this misfortune it is now too late to remedy. 
Nor must we forget that in former instances an even larger 
proportion of observing energy has been tlirown away. For 
when, in 1860, not only England but France, Italy, Germany, 
and other countries sent forth their astronomers to view the 
Spanish eclipse, the doubts which Faye and others had urged 
respecting the reality of the prominences influenced more than 
nine-tenths of the observers. Nearly a hundred astronomers 
and observers endeavoured to find out whether the prominences 
are real solar phenomena, or mere illusions — lunar mirages, 
perhaps, as Faye had suggested ; and it would be difficult, 
indeed, to say how much knowledge which, but for these ill- 
considered doubts, might have been acquired, was thro^vn away 
on that inauspicious occasion. The success of De la Rue and 
Secchi in photographing the eclipsed sun does indeed serve to 
render the eclipse observations of 1860 memorable, and in a 
sense to hide from our view the real failure of astronomers at 
that time. But the very success of the two who chose to work 
independently and usefully, only causes us to deplore the more 
that thirty times as many preferred to waste their energies in 
demonstrating the demonstrated. 

On the present occasion, however, those who have pleaded 
for useful observations have not been wholly unsuccessful. A 
relatively small proportion of observing energy is to be devoted 
to demonstrate the abundantly demonstrated fact that the 
corona is a solar appendage.* Nearly all the most skilful tele- 
scopists and spectroscopists propose to inquire what the actual 
constitution of the corona may be, regarding its position — very 

* 1 am told that, in a recent number of “Nature,” it is remarked in a leader 
that, “ despite some hard writiug to the contrary, the position of tlie corona 
remains to be proved.” This is in a sense true ; and so, also, it is true that 
every proposition of Euclid (as, for instance, Prop. 5, Book I.) remains to be 
proved, as far as some learners are concerned. 
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justly — as already established. The influence of Faye’s doubts 
about the corona has been far less than that of his doubts about 
the prominences in 1860. In the plan of operations proposed 
for Dr. Huggins’s party, in particular, one can trace no signs 
of any evil influence exerted by these doubts. Every suggested 
observation is such as will tell. The spectroscopic observations 
will either reveal new bright-lines in the coroual spectrum, or 
exhibit the Frauenhofer lines, or else prove that the spectrum 
really presents no other features than were seen by the Ameri- 
can observers. Young and Pickering. The operations of Cap- 
tain Noble and the Kev. F. Hewlett, as auxiliaries in these o1>- 
servations, will be especially valuable ; for we shall not only 
have unexceptionable evidence as to the parts of the corona 
actmilly analysed, but also full information as to the figiue of 
the parts examined ; and tliis, combined with Dr. Huggins’s 
study of the structure of the corona, as seen in the telescope, 
can hardly fail to lead to results of tlie utmost interest and 
significance. 

I should be led to attach almost equal importance to the 
telescopic and spectroscopic observations to be made by ilr. 
laickyer’s party, were it not for the unfortunate doubts which 
IMr. Lockyer himself entertains respecting the corona’s posi- 
tion. One cannot fail to recognise in his instructions the 
effects of these doubts ; the suggested observations seeming to 
have scarcely any other end than to solve them. There is also 
another strange opinion of Mr. Lockyer’s, which seems almost 
certain to exercise an unsatisfactory influence upon the observa- 
tions made by his party. He holds the chromosphere as seen 
by aid of the spectroscope to be only the lower portion of an 
envelope extending, in reality, far above the highest of the 
prominences. Tiiis seems to me a strange delusion. No one 
familiar with the history of former total eclipses can fail to 
recognise the fact that tlie outline of the chromosphere — or, 
as the discoverers of the layer called it, the sierra — is as well 
defined as that of tlie prominences. There is indeed not a par- 
ticle of evidence tending to the belief that in eclipses it would 
appe.ar otherwise than in the valuable drawings which Profes- 
sor Kespighi has obtained by aid of the spectroscope. Indeed, 

I might go much farther, and say that everything we know of 
the chromosphere points to the belief that it is not a solar 
atmosphere at all, as has been assiuncd, but is formed rather 
of small prominences and of the remains of those loftier pro- 
minences which Zbllner and Kespighi have watched sinking 
back towards the solar surface. The gaseous envelope into 
which these gaseous prominences are projected to vast heights, 
and through which they sink slowly back, is doubtless to be 
regarded as the true solar atmosphere, and not that glowing 



Cilgiiizea by Google 




THE ECLIPSE EXPEDITIOSS. 



45 



and somewhat ruddy layer whose serrated surface may he seen 
far below the sinking prominence-matter. 

It is very probable, however, that the attempt wliich Mr. 
Brothers proposes to make to secure photographs of the corona, 
may cause the Sicilian party to be one of the most successful. 
His plan is to take a double series of photographs, one with a 
Sheepshanks’ equatorial belonging to the Astronomical Society, 
the other with a camera of his own, mounted upon the equa- 
torial and carried by the same movement. The camera 
pictures are intended to include a wide field, and it is far from 
improbable that the long coronal beams may thus, for the first 
time, be rendered visible in a photograph. I have had the 
advantage of a full discussion with Mr. Brothers of the plan he 
proposes to adopt, and I quite concur with him in thinking 
that, if weather alone be favourable, his operations are likely 
to be rewarded with a fuller degree of success than has yet re- 
warded attempts to photograph the corona. 

With regard to the long beams, I may remark that I regard 
them as among the most remarkable and significant phenomena 
presented to us by the corona. If the pictures which have 
been drawn by Gilman and others during recent eclipses be 
accepted as indicating the exact proportions of the dark and 
bright beams, a problem of great difficulty is presented to us. 
We might readily be misled by these radial beams to regard 
the corona as due to the passage of light-rays between the in- 
equalities of the moon’s siuface, did we not attend to certain 
considerations which negative such a theory. Fr. Secchi, 
indeed, compares the corona to what is seen when the sun’s 
light is admitted into a darkened room through a nearly cir- 
cular opening imperfectly stopped by a circular plug, or through 
a circular opening imperfectly stopped by a nearly circular 
plug. Dr. Oudemann, also, has put forward a somewhat simi- 
lar interpretation of the coronal beams,* which he supposes 
due to the illumination of matter lying between the moon and 
earth. 

When such views are studied carefully for awhile, however, 
fatal objections become apparent. Let us suppose for a mo- 
ment — in order to give Oudemann’s theor)’ a chance, so to 
speak — that we may neglect that matter of the same sort which 
lies beyond the moon, and which, being illuminated more 

• Dr. Oudemann’a theory has lately been brought by Dr. Do la Hue under 
the notice of the Astronomical Society, but was not received very favour- 
ably. Of late, indeed. Dr. De la Rue has shown, as respects such theories, 
a contideration far the xoeak which appeals strongly to our sympathies ns 
Englishmen, however far it may be from commanding our agreement as 
students of astronomy. 
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brilliantly than the matter on this side of the moon, and pre- 
sentin'' also a far greater deptli of illuminated matter, ought 
to give nearly all the light seen close by the moon — let us, I 
say, neglect this consideration, and deal only with the matter 
lying between the moon and earth. Then the sun’s rays, pass- 
ing the rough edge of the moon and hilling on this matter, 
would certainly produce a radial appeartvnce, resembling very 
closely the corona as pictured by eclipse-obseners. There 
would Ixi bright radial beams and intervening narrow spaces, 
precisely as in the picture by Mr. W. S. Gilman, jun., in 
t.'ommodore Sands’ report of the American eclipse. But in 
order that these radial beams should extend as far as they have 
been actually seen during eclipses, the matter capable of being 
thus illuminated should extend (one may easily calculate) fully 
200,000 miles from the moon towards the earth. Now, assuming 
with Oudemann, that this matter is the exterior part of the 
Zodiacal Light, there is no reason why it should not extend as 
far as this towards the earth, or very much farther. But, then, 
as the corona has l>een seen as well in Jime and July as in 
December and January, that is, as well when the earth is a 
million and a half miles beyond her mean distance as when 
she is as much within that distance, we are utterly prevented 
from supposing that the limits of this zodiacal matter lie always 
somewhere between the moon and earth, separated as these 
Ixidies are by less than a quarter of a million of miles. In 
fact, to account for the visibility of the corona in all total 
eclipses, we must assume that when the earth is in perihelion, 
the zodiacal matter extends three millions of miles or so (at 
least) beyond the earth. This matter, thus extending beyond 
the earth, ought to be visible at night in afar more conspicuous 
manner than the corona during totality. For, according to the 
theory, those particles within the quarter of a million of miles 
separating us from the moon which are but obliquely illuminated, 
and whose brilliancy is marred by the strong light continuing 
during even tlie most considerable total eclipse, are yet so con- 
spicuously lighted up as to show the radial beams on a bright 
background. How much more conspictious then should be the 
illumination seen towards the south at midnight, where (accord- 
ing to the theory) a space some three millions of miles deep, full 
of this matter, is illuminated directly — or as the full moon is — 
while the darkness of night and the black background of the 
sky help to render the phenomenon more conspicuous. The 
black shadow of the cartli would indeed be thrown as a long 
black rift across this illuminated region of the heavens ; but 
we know how far it would reach, and what its shape would be. 
Even at the moon’s distance the true shadow would bo but 
about three times the moon’s diameter in breadth, while at a 
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distance of 900,000 miles, or more than 2,000,000 miles from 
the imagined limits of this zodiacal matter, the shadow would 
end in a point. Nor would the penumbra extend far enough to 
hide any but a relatively small portion of the supposed matter. 

It is hardly necessary to point out that no such phenomenon 
has ever been witnessed either in the winter months or at any 
other season. So that, independently of a host of other objec- 
tions, this one — rightly understood — disposes of Oudemann's 
theory, and of all others which require that matter admitting 
of being rendered visible to us by the sun’s light exists at the 
moon’s distance. 

Yet these radial beams remain to be explained, for I think 
few will bo disposed to assert that they are due to mere optical 
illusion.* 

I believe that the chief interest of the eclipse observations 
is not unlikely to be associated with the interpretation of the 
coronal radiations. For, as it seems to me, the difficulty of in- 
terpreting them is altogether greater than that of explaining 
the corona itself. As respects this last, indeed, it seems to me 
improbable that the evidence we have can be made much fuller 
or more convincing than it is at present. But as respects the 
beams we have much to leam before it would be safe to hazard 
an opinion. Nor is it by any means unlikely that we may find 
in these beams a problem as difficult of solution as that pre- 
sentetl by the phenomena of comets. 

It will be well to consider some of the accounts which have 
been given of the coronal beams. More particularly it will be 
interesting to inquire whether we have satisfactory evidence as 
to their fixity during the whole continuance of totality. For 
though their appearing to change in position would afford us 
very satisfactory evidence as to their nature, their immobility, 
if it could be established, would have great significance. 

It is worthy of notice, at the outset, that accounts refer- 
ring to apparent motion are less likely to be trustworthy than 
those which distinctly state that the beams remain fixed in 
position. For, in the first place, an inexperienced observer 
might very well be misled into the supposition that a radiated 
glory of light had a certain degree of motion ; and in the 

* Oaderannn accepts somewhat confidently Dr. Gould’s statement that 
the coronal beams changed in pusifion during the American eclipse. Dr. 
CnrtLs remarks however, and the study of the various narratives fully con- 
firms the assertion, that all the other observers describe the rays as fixed in 
position. I do not know that their apparent movement, if confirmed, could 
be regarded as demonstrating anything as to their nature ; but in this, as in 
other cases, all the best authenticated accounts speak of them as remaining 
unchanged. 
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second, the sliiftiriff lif^hts around the horizon, as the shadow 
sweeps across the station of the observer, would tend greatly to 
encourage the illusion. To this may be added the circumstance 
that at the first formation of the corona, and as it is disappear- 
ing, an apparent rotational movement results from the rapid 
closing in and separation of the solar cusps. I find that the 
accounts of apparent motion in the coronal beams are few in 
number and of little weight compared with those which assert 
the fixity of the rays ; and I cannot recall any instance in which 
an observer speaks of the apparent motion as of a phenomenon 
he had heen at the pains to convince himself of, whereas those 
who refer to the fixity of the beams speak sometimes very 
definitely on this point. 

Here are a few accounts of apparent motion. 

Don Antonio d’Ulloa, speaking of the eclipse of 1778, says, 
“ the corona seemed to be endued with a rapid rotatory motion, 
which caused it to resemble a firework turning round its 
centre.” But it docs not seem at all clear that he refers to 
the beams, because he says, “ there appeared issuing from the 
corona a great number of rays of unequal length, which could 
he discerned to a distance equal to the lunar diameter.” This 
“ discerning ” of the rays seems to imply that they were tm- 
moved ; and certainly the observation would prove too much 
if it were accepted as establishing a sort of Catherine-wheel 
motion of the radial beams. 

In 1842 several observers, says Grant, “asserted that the 
ring of light ” (not the rays) “ turned continually round its 
centre.” “ At Lipetsk,” he adds, “ the light of the ring seemed 
to M. Otto Struve to be in a state of violent agitation.” Then 
follows the best testimony yet given in favour of apparent 
changes in the beams. “ Mr. Baily states,” says Professor 
Grant, “ that the rays had a flickering appearance, somewhat 
like that which a gas-illumination might be supposed to assume 
if formed into a similar shape.” It will be admitted, however, 
that there is here no convincing evidence of a change of place 
in the beams, and further that the changes of brightness are 
fairly comparable mth those flickerings which Chladni, Encke, 
Humboldt, Bessel, and other astronomers have noted in the 
case of comets, and which have even at times been noticed in 
the zodiacal light. WTien we remember that the coronal beams 
are necessarily seen through our atmosphere, which must 
undergo very important changes of temperature during the 
continuance of totality, and probably be subject to waves of 
disturbance, we cannot wonder that the illumination of those 
delicate objects should seem fitful. 

Now when we turn to narratives describing the fixity of the 
coronal beams, we find much more satisfactory evidence. 
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In the carefully observed eclipse of 1733, M. Edstrom, 
mathematical lecturer in the Academy of Charlestadt, noted 
“ that the ring appeared everywhere of equal breadth, save 
where it emitted rays from above as well as from below ; that 
these rays were equal in brilliancy, but unequal in length ; and 
that they pluinly maintained the same position, xintil they 
vanished ^ong vnth the 'ring upon the appearance of the sun's 
limb." I take this account from Professor Grant’s admirable 
“ Physical History of Astronomy and the italics are his. Tlie 
same eclipse afforded abundant evidence of the extreme deli- 
cacy of the light of these radiations, for “ at Lincopia,” says 
Grant, “ the ring appeared of a bright white colour, but it did 
not exhibit a ratlial aspect." 

Bruhns, of Leipsic, speaks thus of the appearance of a long 
radial beam seen during the eclipse of 1860 : “ On the eastern 
side a long ray shot out to a distance of about a degree ; at the 
base its breadth w’as three minutes, but it tapered down to 
about a minute and a half in breadth near its extremity. 
During the ten seconds that my attention was directed to it, 
neither the direction nor the length of the ray altered. Its 
light was fainter than that of the corona, which was brilliantly 
white and seemed to twinkle.” 

I have already remarked that all the observers of the 
American eclipse of last year, save Dr. Gould alone, speak of 
the fixity of the beams. The following instances may be spe- 
cially cited. Professor Simon Newcombe says : “ Looking 
directly at the corona, there was no actiuil appearance of stria- 
tion, but it seemed to be of a jagged outline, extending out 
into foiu: sharp points nearly in the horizontal and vertical 
direction, while between these points the serrated edge hardly 
seemed to extend beyond the body of the moon. The greatest 
distance to which the extreme points seemed to extend did 
not exceed a semi-diameter of the moon, and there was nothing 
like long rays of light extending out in any direction whatever. 
^yhen I turned my head the points did not seem to turn with 
it. Still I experienced a singular diflSculty in judging accu- 
rately either of the number or direction of the jagged points, 
or of the extent to which they might be optical illusions pro- 
duced by the dift’erences in the height and brilliancy of diflferent 
parts of the corona. . . . Seen through a green glass, the 
corona consisted simply of four or five prominences, extending 
around the moon, smooth in their outline, shading off by im- 
p»erceptible gradations, and rising to different heights.” 

General Myer, by observing the eclipse from the siunmit 
of White Top Mountain, obtained a far better view of the 
radial beams than any of the observers at lower levels. “ As 
a centre,” he says, “ there stood the full and intensely black 
VOL. X. — >0. XXXVIII. E 



Digitized by Google 




50 



POPULAR SCIENCE REVIEW. 



disc of the moon, surrounded by the aureola of a soft, bright 
light, through which shot out, as if from the circumference of 
the moon, straight, massive, silvery rays, seeming distinct and 
separate from each other, to a distance of two or three diame- 
ters of the lunar disc, the whole spectacle showing as upon a 
background of diffused rose-coloured light. . . . The silvery 
rays were longest and most prominent at four points of the 
circumference, two upon the upper and two upon the lower 
portion, apparently equidistant from each other, giving the 
spectacle a quadrilateral shape. The anijl-ee of the quadrangle 
were about opposite the north-e<istern, north-western, south- 
eastern, and south-u'estern points of the compass. . . . Thet'e 
was no motion of the rays.” 

'The spectroscope may perhaps afford some information re- 
specting the structure of these beams ; but the faintness of 
their light will render spectroscopic observation very difficult. 
If I were willing to hazard a speculation as to their structime 
and physical cause, I should associate them, I think, with the 
tails of comets, and regard them as phenomena indicating the 
action of some repulsive force exerted by the sun. Sir John 
Herschel has pointed out that we have demonstrative evidence 
of the real existence of repulsive forces exerted by the sun with 
great energy under certain conditions and upon certain forms 
of matter. A source of perplexity exists, however, in the rela- 
tive narrowness of these beams, whose apparent cross-section, as 
delineated by most observers, is far less than tlie apparent dia- 
meter of the sun. One woidd thus be led to infer that the 
real seat of these repulsive energies lies far beneath the solar 
photosphere. It is worthy of notice, too, that the beams 
usually appear to extend from the zone of spots ; and one might 
almost infer that the repulsive action is exerted with peculiar 
energy in lines extending from the sun’s centre towards the 
so-called spot-zone. 

It is with reference to such questions as these that the ob- 
servation of the present and futiue solar ecUpses is so full of 
interest. There are problems presented by the corona which 
are as yet not only unsolved, but apparently very far from solu- 
tion. All the energies of our observers need to be directed to- 
wards the mastery of these difficulties; and therefore it is that, 
as I think, I have been right in lu-ging as earnestly as possible 
that the records of past eclipses should be made to bear fruit 
in the interpretation of all problems which can be in- 
terpreted by means of them, while the opportunities afforded 
by future eclipses, and the skill of those who observe them, 
should he wholly devoted to those more perplexing problems 
wliich still await even the means of solution. 

The news has just arrived that the Sicilian party will be dis- 
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tributed among four stations — one party will bo at Syracuse, 
another at Augusta, a third (the head-quarters) at Catania, and 
a fourth, a strong party headed by Professor Roscoe, at. the 
summit of Etna. Although this arrangement is associated in 
the telegram with the accident which happened to the Psyche 
(the news of which sent a thrill of alarm and anxiety through 
the hearts of all who take interest in the cause of science), I 
am disposed to hope that some parts of the arrangement may 
be referred to other considerations. The fact that a portion of 
the expedition is able to travel so far south as Syracuse, actually 
crossing the line of central eclipse, seems to imply that the ex- 
pedition has not been seriously hampered by the accident. I 
hope much from the party at Etna. I had dwelt earnestly on 
the advisability of sending a party there (see the December 
number of “Fraser’s Magazine ”), and I think it cannot be 
doubted that, though the totality will last there but a short 
time, more instructive observations of the corona will be pos- 
sible at so considerable an elevation than any which have yet 
been made. 
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NOTES ON BUTTERFLIES. 

Bv THE Rev. C. IIOPE-ROBEUTSOX, F.R.M.S. 
[PLATE LXl.X.] 



rpiIESE lovely creatures give as much pleasure to the student 
X of science as to the child at play, who runs, cap in hand, 
to chase them. Their colours, forms, and habits, all furnish 
charming subjects for observation. We propose to collect some 
notes taken at intervals on these points, and show the methods 
available for easily exhibiting their interesting peculiarities. 

We begin with the distinction which serves, in general, to 
divide butterflies from moths, which is the existence of a club- 
shaped end to the antenna? of the butterfly ; while the moth 
has sharp-pointed or plumed antenna;. From this club-shaped 
end comes the generic word Khopalocera, compounded of the 
two Greek words for a club and horn. Observation has foimd 
this distinction characteristic of the butterfly tribe ; we wish 
further to see what there is in the liabits of the creatures to 
explain the reason why they have such horns. 

If we look at one on a bright sunny day we will see its 
horns erect, stretched out, delighting in the sunshine. While, 
if we look at a moth, which flies chiefly at dusky hours, when 
it is brought to the light its horns are folded back, and doubled 
as far as possible under shade of its body or wings, as if unable 
to bear the glare. They are evidently most sensitive to liglit. 

Now this is a key to one purpose which the horns serve. 
They are the thermometers of these little weather-watchers. 
The degree of warmtli needed for them is made known by the 
effect of light on the delicate tips of their horns or feelers. A 
club-shaped feeler gives a larger surface for the light to act 
upon ; and the nervous energy needed for the butterfly to 
enable its muscles to work, is collected by the club-shaped 
points, and its general influence stored up to sustain flight 
against the efifect of a chill. Cold would paralyse them. Now 
if we take the microscope to examine the structure of the club- 
points, these are found to be full of cells, or depressions, where 
the heat and electric energy, accompanying light, may be 
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collected and transmitted to the system for use. Some of 
these are figured at a, Plate LXIX. 

The butterfly tribe is one of the order Lepldoptern, or scale- 
winged insects, so called from the multitude of little scales 
with which the wings are covered. 

These are of various forms, colours, and textures, sufficiently 
distinct to mark the species, with a wonderful variety ou the 
different pirts of the wing. The shapes are clear and compact 
on all the body of the wdng ; wdiile at the edges there are 
longer shapes, like plumes, or the wing feathers of birds. They 
are attached, each by a separate stalk, to the membrane of the 
wing. Some of these diversified forms are figured at K. They 
come off like dust when slightly rubbed. The lovely colours 
of these scales seem to depend, not always on an actual sheet 
of local colour, but to bo due sometimes to the dispersion of 
light by means of fine lines or strije drawn on each scale. The 
relation of the size of lines, closely ruled, to the length of a 
wave of light, is, by the undulatory theory, easily shown to 
account for the dispersion of colours by a ruled surface, in itself 
Colourless. Buttons have been made, as ciuiosities, thus arti- 
ficially ruled with very fine lines, giving a beautiful play of 
changing colour. The colours of mother-of-pearl, and otlier 
substances, seem due also to the dispersion of light on a 
white ground. Now, in the case of the purple Emperor a 
changing play of colour is seen, between brown and purple, as 
it catches the light at different angles. This appearance can 
be calcidated as due to the relative breadths of the lines 
covering the scales (which vary from 10,000 to 30,000 in the 
inch), when compared with the difference between the lengths 
of waves of light. 

These lines on the scales run alw.ays from end to end, 
never across. The reason for this seems to be that by this 
arrangement the drops of rain, if falling on the wing, are rolled 
off easily. The wing is nearly waterproof ; single drops running 
off very cleanly, leaving no trace, if the scales are uninjured. 

The arrangement in position on the membrane of the 
wing is a curious point about the scales, and explains the 
wonderful expansion of the wing, during the first half-hour 
after the butterfly comes out of its chrysalis. When first 
emerged the comparative size of the wing to the body is seen 
at fig. o. In about half-an-hour it will be seen to have 
expanded to about the size figured at ir. 

To find the rationale of this development, we must take a 
chrysalis when nearly full grown, and gently lift off the skin 
covering the future wing, whose outline is easily traced on the 
side of the chrysalis, as at e. Applying a microscope, we can 
see the scales very closely packed together, slipped under each 
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other both lengthways and sideways, as at fig. n. When the full 
development of the wing is attained, the scales are then to be 
seen in a much more expanded state, spread out from each 
other in all directions, as at fig. f. The membrane of the 
wing, to which the roots of the scales are fixed, is elastic when 
soft. In this state it emerges from the chrysalis, and, air 
being breatlied by the air-vessels, is sent to the extreme edges 
of the wing, by many air-tubes which pervade the skin ; the 
air stretches these tubes, which in turn expand the skin, and 
this pulls out from under each other the different rows of 
scales, until they assume a position in order, like the slates of 
a housetop. By this time the skin gets hard, and when once 
dried is stiff enough to remain in the flat shape required for 
future flight. But till this is done the insect is helpless, and 
many a one is then picked up as a choice morsel by quick-eyed 
birds. 

The colours of the wing in its moist, fresh, dustless purity 
are surpassingly lovely. Nothing can be more attractive as a 
sight than the flight of a dozen or so of new-fledged Peacock 
butterflies about one’s breakfast-table. They may easily be 
kept thus to come out in succession by securing some dozens 
of the black-looking caterpillars, off a bed of nettles, where 
they feed. A large box, covered with wire gauze, to keep out 
wasps and ichneumon flies, may be their home. Fresh nettles 
must be daily given them. And then, by degrees, they all go 
into the trance-like chrysalis stage, hanging to the sides or top 
of the box. Each morning after they begin to come out a 
fresh batch will be found, and the room may be lit up with 
their rainbow hues for two or three hours, till they are strong 
enough to brave the open air. It is sad to see the disappoint- 
ing result if an ichneumon fly has pierced the caterpillar 
previous to its capture, and laid its mimderous eggs inside. 
Instead of the dazzling, graceful wing of the butterfly, comes 
out a swarm of dingy little flies, horrible to behold, in their 
victim’s stead. Therefore let these caterpillars be early taken 
and kept well covered. 

We take next a very interesting point, which we believe 
has not been much noticed. It is the powers of a magnifying 
glass seen in the eyes of some butterflies. Their eyes may be 
divided into two classes — hairy and smooth. The general 
appearance of the eye is shown at fig. m, where 1, 2, 3 represent 
the surface lines, as seen with successively increasing powers of 
the microscope. It is seen that ultimately the surface is foimd 
to be covered with a number of hexagonal little lenses, each 
being, in fact, a complete little eye. About sixty rows of 
these cover an ordinary eye, such as that of the Vanessa tribe. 
They are about ^^^th of an inch at the largest. 



Digitized by Google 




NOTES ON BCTTERFLIES. 55 

Some butterflies Lave, at the angles joining these hexagonal 
facets, a hair standing out, which, repeated at thousands of 
such angles, gives to the eye a rough or hairy look. Such 
hairy eyes are represented at No. 2. They are very dark. It 
is in these eyes difficult to see anything but the clothing of 
hairs. 

But other butterflies, such as the white ones, have no hairs 
in the eye. The eye is then quite smooth and transparent, as 
at No. 1. Holding such a butterfly closely, with its head 
turned sideways to the sunlight, a very lovely picture is seen 
displayed, of an arrangement such as is figured at l, of dark 
hexagonal spots divided by a network of light-coloured lines. 
This is brilliantly lit up, and is exactly in appearance like the 
effect produced by those glass paper-weights which have a 
picture inside them, magnified by the round surface of the 
enclosing glass. 

The most convenient fly to see this in is the small cabbage 
one, for it is more easily caught than the larger white. This 
the writer found from having told his little boy to catch some 
white butterflies in the kitchen-garden. He always brought 
in the smaller white, saying that the others were too quick for 
him. On seeking a reason for this slowness of sight, it is 
found that the smaller white has the upper part of the eyeball 
clouded with an opaque shading, as at p q, which prevents it 
seeing anyone approach just above it, though leaving the sight 
clear at the sides. 

Taking this conveniently blind little fellow, then, as the 
subject of examination, easily renewed, the theory of explana- 
tion of this appearance evidently is this : — 

The hexagonal network on the surface of the eye, as at No. 1, 
is reflected down on the interior retina in its very small natural 
size. Then (he whole outer surface of the eye, considered as 
one surface, acts like a globular lens, magnifying the interior 
reflection till it is easily discerned with the observer’s unaided 
eye, and assumes the very beautiful, picture-like appearance 
which lasts while the eyes are fresh and moist. Thus the 
butterfly’s eye is a natural magnifying glass, exactly like what 
is known as a Stanhope lens. The observer uses it as at u, and 
sees the cells much enlarged. 

That the hexagonal appearance is not exactly the same in 
outline as the actual network on the cornea of the eye is due to 
the fact of the retina upon which the reflection is cast not being 
exactly in the focus of the curved lens sirrface. This leads to 
an overlapping of the outlines of the facets, making them seem 
much thicker than the dividing lines between the facets of the 
siuface really are, as at fig. o. 

The proboscis or trunk of the butterfly next claims attention. 
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It is a tube of double structure, each half being easily se- 
parated or closed at pleasure by the fly ; when not used it 
is nicely coiled up under the chin. When needed for 
sucking the juices of plants it is uncoiled, and, the two half 
tubes being kept together by neat little teeth interlocking, 
the tub(! draws up the juice into the mouth of the fly. To 
enable it to do this, each half of the tube is furnished with a 
multitude of fibres or nerves, which are reticulated across 
from side to side, making it easily compressible. The air is 
exhausted in the tube by this compression, and its place is at 
once filled by the juice which rises in the tube, b'igs. R and 
s show the general appearance of the tube, fig. t the re- 
ticulated fibres for exhausting the air. Near the point of the 
trunk, an additional means of suction is prol)ably furnished by 
a number of little protuberances, like nipples, which no doubt 
help to draw up, like a sponge, by capillary attraction, the 
juice when only in small quantities. These, however, do not 
seem to be perforated with suction holes : even when photo- 
graphed with the microscope on a large scale, they show no 
sign of any channel through them. 

This trunk is, in use, thrust into the nectary of flowers, 
and in its passage is often covered with pollen. Hence, those 
butterflies which flit from flower to flower indiscriminately, 
such as the Peacock or Admiral, would be likely to cany from 
one flower to another pollen grains, of a useless or different 
kind, which might interfere with the proper fructification of the 
flowers they are brought to. Now here comes in one of those 
wise adaptations of the insect to the vegetable world, which 
proves the superintendence of one JNIaster Mind. Such 
butterflies are furnished with a long pair of soft brushes, 
instead of their forelegs; with which, while using the two 
other pair of legs to support themselves, they wipe and clean 
their trunks after each time of using. So that all adliering 
pollen is wiped off, and not carried to other plants where it is 
not needed. 

In other insects, such as the bee, the pro%dsion for preventing 
pollen mixing is accomplished by a beautiful instinct, which 
leads the bee to keep only to one class of flower in each trip 
it takes for honey. 

But the butterfly having no settled home, spends its little 
life in roaming anywhere ; and hence has this modified change 
of legs into brushes, as seen at fig. b. 

Its roaming seldom lasts much longer than necessary to 
meet some mate, and deposit the" eggs, like carved ivory balls, 
as at fig. c, on the plant which will be best fitted for nourish- 
ing its young when hatched. 

The life of one that has not yet^ met its mate may be pro- 
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longed artificially for weeks. Nature's great object being the 
continuation of the species, life is prolonged in the hope of so 
doing. Then if allowed its liberty it still seeks its mate ; and 
perhaps this accounts for the hibernation of such specimens as 
are the earliest every year ; creeping out with faded glories, to 
tiy if they can accomplish their destiny, which was not fulfilled 
before the winter. 

Having settled their eggs on the chosen plant, the 
parent butterfly never sees them come to matmity : a fair 
lesson for faith to rejoice in. Tnist may never bo felt by the 
insect, but is evidently taught us through it. And how won- 
derful is the destined change of the eggs it trusts, while itself 
will not be there to watch ! At all times the glorious change 
from a first stage of grub or caterpillar, through the trance-like 
sleep of the chrysalis, into the joyous creature that might well 
be called a “ flutter-by,” has been a theme for poets and 
philosophers. 



s 



Digitized by Google 




0 > 



ON SLEEP. 

Hr Db. mClIAKIlSON, 1M!.S. 



The Phenomenon of Sleep. 

“ rpHE twinkling of oblivion,” as Wordsworth exquisitely 
defines the phenomenon of sleep, has, from the time 
of Hippocrates to the present hour, engaged the attention 
of thoughtful minds. Poets have fmmd in the phenomenon 
subject matter for some of the most perfect of their works. 
Menander exalts sleep as the remedy for every disease that 
admits of cure ; Shakespeare defines it, “ The birth of each 
day's life, sore labour’s bath ; ” Sir Philip Sydney designates 
it, “ The poor man’s wealth, the prisoner’s release ; ” and wearied 
Dryden sings of it — 

“ Of nil the powers the best. 

Oh ! pence of mind, repnirer of deeny, 

Whose balms renew the limbs to lalxmrs of the day.” 

As to the philosophers and the physicians who have said 
and written on sleep, I dare hardly think of them, lest I should 
commit mj’self to an historical volume instead of_ a short 
physiological essay ; so I leave them, except such as are simply 
physiological, and proceed on my way. 

Perfect sleep is the possession, as a ride, of childhood only. 
The healthy child, worn out with its day of active life, sud- 
denly sinks to rest, sleeps its ten or twelve hours, and wakes, 
believing, feeling, that it has merely closed its eyes and 
opened them again ; so deep is its twinkle of oblivion. The 
sleep in this case is the nearest of approaches to actual death, 
and at the same time presents a natural paradox, for it is 
the evidence of strongest life. 

During this condition of perfect sleep, what are the physio- 
logical conditions of the sleeper ? Firstly, all the senses are 
shut up, yet are they so lightly sealed that the communication 
of motion by sound, by mechanical vibration, by communica- 
tion of painful impression, is sufficient to unseal the senses, 
to arouse the body, to renew all the proofs of existing active life. 
Secondly, during this period of natural sleep the most impor- 
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tant changes of nutrition are in progress ; the body is reno- 
vating, and if young is actually growing ; if the body be 
properly covered, the animal heat is being conserved and 
laid up for expenditure during the waking hours that are to 
follow; the respiration is reduced, the inspirations being 
lessened in the proportion of six to seven as compared with the 
number made when the body is awake ; the action of the 
heart is reduced ; the voluntary muscles, relieved of all fatigue 
and with the extensors more relaxed than the flexors, are under- 
going repair of structure and recruiting their excitability ; and 
the voluntary nervous system, dead for the time to the exter- 
nal vibration, or as the older men called it “ stimulus ” from 
without, is also undergoing rest and repair, so that when it 
comes again into work it may receive better the impressions 
it may have to gather up, and influence more effectively the 
muscles it may bo called upon to animate, direct, control. 

Thirdly, although in the organism during sleep there 
is suspension of muscular and nervous power, there is not 
universal suspension ; a narrow, but at the same time safe, line 
of distinction separates the sleep of life from the sleep of 
death. The heart is a muscle, but it does not sleep, and 
the lungs are worked by muscles, and these do not sleep ; and 
the viscera which triturate and digest food are moved by 
muscles, and these do not sleep ; and the glands have an 
arrangement for the constant separation of fluids, and the 
glands do not sleep ; and all these parts have certain nerves 
wliich do not sleep. These all rest, but they do not cease 
their functions. Why is it so ? 

The reason is tliat the body is divided into two systems as 
regards motion. For every act of the body we have a system 
of organs under the influence of the will, the voluntary, and 
another system independent of the will, the involuntary. 
The muscles which propel the body and are concerned in all 
acts we essay to perform, arc voluntary ; tlie muscles, such as 
the heart and the stomach, which we cannot control, are 
involuntary. Added to these are muscles which, though com- 
monly acting involuntarily, are capable of being moved by 
the will : the muscles which move the lungs are of this order, 
for we can if we wish suspend their action for a short time 
or quicken it ; these muscles we call semi-voluntary. In 
sleep, then, the voluntary muscles sleep, and the nervous 
organs which stimulate the voluntary muscles sleep ; but the 
involuntary and the semi-voluntary muscles and their nerves 
merely rest : they do not veritably sleep. 

This arrangement will be seen, at once, to be a necessity, for 
upon the involuntary acts the body relies for the continuance 
of life. In disease the voluntary muscles may be paralysed, the 
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brain may 1>e paralysed, but if tlie involuntary or^pms retain their 
power, the animal is not dead. Sir Astley Cooper had under 
liis care a man who had received an injury of the skull 
causin'^ compression of tlie brain, and the man lay for weeks 
in a state of persi.stent unconsciousness and repose; practi- 
cally he slept. He did not die, because the involuntary system 
remained true to its duty; and when the great surgeon re- 
moved the compression from the brain of the man, the sleeper 
woke from Ins long trance and recovered. Dr. Wilson Philip 
had a young dog that had no l»rain, and the animal lay in pro- 
found insensibility for months, practically asleep ; but the 
involuntary parts continued uninfluenced, and the animal lived 
and, under mechanical feeding, grew fat. Fluorens had a 
brainless fowl that lived in the same condition. It neither saw 
nor heard, he s.ays, nor smelled nor tasted nor felt ; it lost 
even its instincts; for however long it was left to fast, it never 
voluntarily ate ; it never shrunk when it was touched, and when 
attacked by its fellows, it made no attempt at self-defence, 
neither resisting nor escaping. In fine, it lost every trace of 
intelligence, for it neither willed, remembered, felt, nor 
judged : yet it swallowed food when the food was put into its 
mouth, and fattened. In these cases, as in that of the injured 
man, the involuntary systems sustained the animal life. It is 
the same in sleep. 

When we look at these phenomena, as anatomists, we find a 
reason for them in structure and character of parts. The in- 
voluntary muscles have a special anatomical structure ; and 
the nervous organism that keeps the involuntary muscles in 
action is a distinct organism. There are, briefly, two nervous 
systems : one locked up in the bony cavity of the skvdl and in 
the bony canal of the spine, with nerves issuing therefrom 
to the muscles; and another lying within the cavities of 
the body, with nerves issuing from it to supply all the involun- 
tary muscles. The first of these systems, consisting of the 
brain, the spinal cord, and the nerves of sense, sensation, and 
motion, is called the cerebro-spinal orvoluntary system of nerves ; 
the second, consisting of a series of nervous ganglia with nerA CS 
which communicate with the involuntary muscles and with 
nerves of the voluntary kind, is called, after Harvey the vegeta- 
tive, after Ilichat the organic system : a sketch of this organic 
system is depicted in the accompanying diagram. 

In sleep the cerebro-spinal system sleeps ; the organic system 
retains its activity. Tints in sleep the voluntary muscles and 
parts fail to receive their nervous stimulation ; but the in- 
voluntary receive theirs still, and under it move in steady 
motion ; while the semi-voluntary organs also receive suflficient 
stimulation to keep them in motion. 
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Of all the involuntary organs, the heart, which is the citadel 
of motion, is most protected. To itself belongs a special nervous 
centre, that which feeds it steadily with stimulus for motion ; 
from the cendcal ganglia of the 
organic nervous system it receives 
a second or supplementary supply; 
and from the brain it receives a 
third supply, which, passive under 
ordinary circumstances, can imder 
extraordinary circumstances be- 
come active and exert a certain 
controlling power. Then the ar- 
teries which supply the heart with 
blood are the first vessels given off 
from the great feeding arterial 
trunk, and the veins of the heart 
winding independently round it 
empty their contents direct again 
into it. Thus is the heart the most 
perfect of independencies: thus 
during sleep and during wakeful- 
ness it works its own course, and 
taking first care of itself in every 
particular, feeds the rest of the 
body afterwards ; thus even when 
sleep passes into death the heart 
in almost every case continues its 
action for some time after all tlie 
other parts of the organism arc 
in absolute quiescence; thus in 
hybemating animals the heart con- 
tinues in play during their long 
somnolence ; and thus under the 
insensibility produced by the in- 
halation of narcotic gases and 
vapours, the heart sustains its 
fimction when every other part 
is temporarily dead. Next the heart in independent action 
is the muscle called the midriff or diaphragm ; and as the 
diaphragm is a muscle of inspiration, the respiratory func- 
tion plays second to the circulatory, and the two great functions 
of life are, in sleep, faithfully performed. In sleep of illness 
bordering on sleep of death, how intently w’e watch for the 
merest trace of breath, and augur that if but a feather be moved 
by it or a mirror dimmed by it, there is yet life. 

In natxiral sleep then, sleep perfect and deep, that half of our 
nature which is volitional is in the condition of inertia. To 
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say, as Blumenbach has said, that in this state all intercourse 
between mind and body is suspended, is more perhaps than 
should be said, the precise limits and connections of mind and 
body being unknown. But certainly the brain and spinal cord, 
ceasing themselves to receive impressions, cease to communi- 
cate to the muscles they supply stimulus for motion, and the 
muscles under their control with their nerves therefore sleep. 
And so, to the extent that the acts of the brain and cord and 
their nerves are mental, and the acts or motions of the volun- 
tary muscles are bodily acts ; to that extent, in sleep, the inter- 
course between the mind and the body is suspended. 

The Piivsical Caise ok Sleep. 

In sleep the condition of the voluntary muscles and of the 
voluntary nervous system is, we must assume, in some manner 
modified, since these organs are transformed from the active into 
the passive state. Respecting the condition of the muscles in 
sleep, no study of a systematic sort has been carried out, but in 
relation to the brain there has been much thoughtful study, 
upon which many theories have been founded. 

The older physiologists regarded sleep as due to the exhaustion 
of the nervous fluid ; during sleep, they held, this fluid accu- 
mulates in the brain ; and, when the brain and the other centres 
and nerves of the cerebro-spinal system are, to employ a common 
expression, recharged, the muscles are stimulated and the body 
awakes ; the brain prepared to receive external impressions and 
to animate the muscles, and the muscles renovated and ready 
to be recalled into activity. This theory held its ground for 
many years, and, perhaps, still there are more believers in 
it than in any other. It fails to convince the sceptical be- 
cause of its incompleteness, for it tells nothing about the nature 
of the presumed nervous fluid, and we know nothing as yet 
about this fluid. The primary step of the speculation is con- 
sequently itself purely hypothetical. 

Another theory, that has been promulgated, is that sleep 
depends on the sinking or collapse of the lamin® of the cere- 
bellum or little brain. This theory is ba.sed on the experiment 
that compression of the cerebellum induces sleep; but the 
argument is fallacious, because pressiue on the larger brain, or 
cerebrum, is followed by the same result. The theory of pres- 
sure has been proposed again in a different way ; it has been 
afiirmcd that the phenomenon of sleep is caused by the accu- 
mulation of fluids in the cavity of the cranium, and by pressure, 
resulting from this accumulation, on the brain as a whole. We 
know well that pressure upon the brain docs lead to an in- 
sensible condition resembling sleep, and in some instances, in 
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which the skull has been injured and an artificial opening 
through it to the brain has been formed, pressiure upon the ex- 
posed siuface has led to a comatose condition. I once myself 
saw a case of this nature. But the evidence against this ex- 
planation is strong, because the sleeping brain has been observed 
to be pale and too free of blood to convey any idea of pressure. 

In opposition to the pressure theory, Blumenbach contended 
that sleep is due to a diminished flow and impulse of blood 
\ipon the brain, for he argued the phenomenon of sleep is in- 
duced by exhaustion, and particularly by exhaustion following 
upon direct loss of blood. Recently Mr. Arthur Diurham, in a 
very able communication, has adduced a similar view, and the 
general conclusion now is that during sleep the brain is really 
siipphed with less blood than in waking hours. 

To account for the reason why the brain is less freely fed 
with blood in sleep, it has been surmised that the vessels, the 
arteries, which feed the brain, and which for contractile pur- 
poses are supplied with nerves from the organic nervous system, 
are, under their nervous influence, made to close so that a por- 
tion at least of the blood which enters through them is cut off 
on going to sleep. This view, however, presupposes that the 
organic nervous centres, instead of sharing in the exhaustion 
incident to labour, put forth increased power after fatigue, an 
idea incompatible with all we know of the natural functions. 

Carmichael, an excellent physiologist, thought that sleep 
was brought on by a change in the assimilation of the brain, 
and by what he called the deposition of new matter in the 
organ, but he offered no evidence in proof : while Metcalfe, one 
of the most learned physicists and physicians of our time, main- 
tained that the proximate cause of sleep is an expenditure of 
the substance and vital energy of the brain, nerves, and volun- 
tary muscles, beyond what they receive when awake, and that 
the specific office of sleep is the restoration of what has been 
wasted by exercise ; the most remarkable difference between 
exercise and sleep being, that during exercise the expenditure 
exceeds the income ; whereas during sleep the income exceeds 
the expenditure. This idea of Metcalfe expresses, probably, 
a broad truth, but it is too general to indicate the proximate 
cause of sleep, to explain which is the object of his proposition. 

My own researches on the proximate cause of sleep — re- 
searches which of late years have been steadily pursued — lead 
me to the conclusion that none of the theories as yet offered ac- 
count correctly for the natural phenomenon of sleep ; although 
I must express that some of them are based on well-defined 
tacts. It is perfectly true that exhaustion of the brain will 
induce phenomena so closely allied to the phenomena of 
natural sleep, that no one could tell the artificially induced from 
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the natural sleep ; and it is equally true that pressure upon the 
brain will also lead to a state of sleep simulating the natural. 
For example, in a young animal, a pigeon, I can induce the 
deepest sleep by exposing the brain to the influence of extreme 
cold. I have had a bird sleeping calmly for ten hours under 
the local influence of cold. During this time the state of the 
brain is one of extreme bloodlessness, and when the cold is 
cautiously withdrawn and the brain is allowed to refill gently 
with blood, the sleep passes away. This is clear enough, and 
the cold, it may be urged, produces contraction of the brain sub- 
stance and of the vessels, with diminution of blood, and with 
sleep as the result. But if when the animal is awaking from 
this sleep induced by cold, I apply warmth, for the unsealing of 
the parts, a little too freely, if, that is to say, I restore the 
natural warmth too quickly, then the animal falls asleep again 
under an opposite condition ; for now into the relaxed vessels 
of the brain the heart injects blood so freely, that the vessels, 
in like manner as when the frozen hand is held near the fire, 
become engorged with blood, there is congestion, there is pres- 
sure, and there is sleep. 

The same series of phenomena from opposite conditions can 
be induced by narcotic vapours. There is a fluid called chloride 
of aonyl, which, by inhalation, causes the deepest sleep ; during 
the sleep so induced, the brain is as bloodless as if it were 
frozen. There is an ether called methylic, which, by inhalation, 
can be made to produce the deepest sleep ; during this sleep 
the vessels of the brain are engorged with blood. 

We are therefore correct in supposing that artificial sleep 
may be induced both by removal of blood from the brain, and 
by pressure of blood upon the brain ; and in the facts there is, 
when we consider them, nothing extraordinary. In both con- 
ditions, the natural state of the brain is altered ; it cannot, 
under either state, properly receive or transmit motion ; so it is 
quiescent, it sleeps. The experimental proof of this can be 
performed on any part of the body where there is nerve-fibre 
and blood-vessel ; if I freeze a portion of my skin, by ether 
spray, I make it insensible to all impression — I make it sleep ; 
if I place over a portion of skin a cupping tube, and forcibly 
induce intense congestion of vessels, by exhausting the air of 
the tube, I make the part also insensible — I make it sleep. 

The two most plausible theories of sleep — the plenum and 
the vacuum theories I had nearly called them — are then based 
on facts ; but still I think them fallacious. The theory that 
natural sleep depends on pressure of the brain from blood, is 
disproved by the observations that have been made of the brain 
during sleep, while the mechanism of the circulation through 
the brain furnishes no thought of this theory as being possibly 
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correct. The theory that sleep is caused by withdrawal of 
blood from the brain by contraction of its arterial vessels, is 
disproved by many considerations. It presupposes that at the 
time when the cerebro-spinal nervous system is most wearied 
the organic system is most active ; and it assumes that the great 
volume of blood which circulates through the brain can be cut 
off without evidence of increased volume of blood and tension of 
vessel in other parts of the body, a supposition directly negatived 
by the actual experiment of cutting off the blood from the brain. 

There is another potent objection applicable to both 
theories. When sleep is artificially induced, either by subject- 
ing the brain to pressure of blood or to exhaustion of blood, 
the sleep is of such a kind that the sleeper cannot be roused 
until the influence at work to produce the sleep is removed. 
But in natural sleep the sleeper can always be roused by motion 
or vibration. We call to a person supposed to be sleeping 
natnrally, or we shake him, and if we cannot rouse him we know 
there is danger; but how could these simple acts remove 
pressure from the brain, or relax the contracted vessels feeding 
the brain ? 

These two theories set aside, the others I have named need 
not trouble us ; they are mere generalisations, interesting to 
read, worthless to pursue. Know we then nothing leading to- 
wards a solution of the question of the proximate cause of 
sleep ? I cannot say that, for I think we see our way to some- 
thing which will unravel the phenomenon ; but we must work 
slowly and patiently, and as men assured that in the pro- 
blem we are endeavouring to solve, we are dealing with a sub- 
ject of more than ordinary importance. I will try to point out 
the direction of research, 

I find that to induce sleep it is not necessary to produce 
extreme changes of brain matter. In applying cold, for 
example, it is not necessary to make the brain substance solid 
in order to induce stupor, but simply to bring down its tem- 
perature ten or twelve degrees. I find also that very slight 
direct vibrations, concussions, will induce stupor ; and I find 
that in animals of different kinds the profoundness of sleep is 
greater in proportion as the size of the brain is larger. From 
these and other facts I infer that the phenomenon of natural 
sleep is due to a molecular change in the nervous structure 
itself of the cerebro-spinal system, and that in perfect sleep the 
whole of the nervous structure is involved in the change — the 
brain, the cord, the nerves ; while in imperfect sleep only parts 
of this nervous matter are influenced. This is in accord with 
facts, for I can by cold put to sleep special parts of the nervous 
mass without putting other parts to sleep. In bad sleep we 
VOL. X. — NO, .x.vxvin, t 
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have the representation of the same thinp in the restlessness of 
the muscles, the half-conscious wakinpp, the dreams. 

Suppose this idea of the change of nervous matter to lie 
true, is there any clue to the nature of the change itself? I 
think there is. The change is one very closely resembling 
that which occurs in the solidification of water siucharged with 
a saline substance, or in water holding a hydrated colloid, like 
dialysed silica, in trembling suspension. What is, indeed, the 
brain and nervous matter? It is a mass of water made suffici- 
ently solid to be reduced into shape and form, by rather less 
than twenty per cent, of solid matter, consisting of albuminous 
substance, saline substance, fatty substance. The mechanism 
for the supply of blood is most delicate, membranous ; the 
mechanism for dialysis or separation of crystalloidal from col- 
loidal substance is perfect, and the conversion of the compound 
substance of brain from one condition of matter to another is, 
if we may judge from some changes of water charged with 
colloidal or fatty substances, extremely simple. I do not now 
venture on details respecting this peculiarly interesting ques- 
tion, but I venture so far as to express what I feel will one 
day be the accepted fact, that the matter of the wakeful brain 
is, on going to sleep, changed, temporarily, into a state of 
greater solidity ; that its molecular parts cease to be moved 
by external ordinary influences, by chemical influences ; that 
they, in turn, cease to communicate impressions, or, in other 
words, to stimulate the voluntary muscles; and that then there 
is sleep which Lasts until there is re-solution of structure, 
whereupon there is wakefulness from renewed motion in brain 
matter and renewed stimulation of voluntary muscle, through 
nerve. 

The change of structure of the brain which I assume to l)e 
the proximate cause of sleep is possibly the same change as 
occurs in a more extreme degree when the brain and its subor- 
dinate parts actually die. The effects of a concussion of the 
brain from a blow, the effects of a simple puncture of nervous 
matter in centres essential to life — as the point in the medulla 
oblongata which Fluorens has designated the vital point — have 
never been explained, and admit, I imagine, of no explanation 
except the change of structure I have now ventured to suggest. 

Here, for the moment, my task must end. My olyect has 
been to make the scientific reader conversant with what has 
been said by philosophers upon the subject of sleep and its 
proximate cause, and to indicate briefly a new line of scientific 
enquiry. I shall hojie on some future occasion to be able to 
announce further and more fruitful labour. 
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THE TRANSFORMATION OF INSECTS.’ 

A mid the vast host of drawing-room scientific works which the past few 
years hare introduced into England, the best, it seems to us, is tlio 
work of M. Blanchard, edited by Dr. Duncan, which is now before us. 
M'hether we consider the marvellous array of exquisitely beautiful plates, a 
host of woodcuts, the admirable printing, or last, but not the least, the e.\- 
cellent additions which our English naturalist has made to the text, we 
must readily give the first place to M. Blanchard's treatise. 

Curiously enough, it deals not only with the animals of one class alone, 
but, besides treating of the insects, it goes comparatively fully into the 
Arachnida and Cnulacca. In this respect it presents, apart from the many 
features cf novelty which we find in other parts of the volume, much that 
is new to the general render. For it must be confessed that, while the 
insecta are comparatively well known in many respects to the world gene- 
rally, the Arachnids and Crustaceans form — especially the latter — rather new 
groups for the consideration of the naturalist. 

The first chapters, of course, deal with questions of physiology, such ns 
those of metamorphosis, and the general character of the animals described, 
and the succeeding ones with the metamorphoses of the various groups of 
insects; then in the same manner, though in briefer fashion, are subsequently 
detailed the classes Myriapoda, Arachnida, and Crustacea, In the earlier 
chapters— those, in fact, which deal with the general anatomy and physiology 
of each group — we fancy that Dr. Duncan has had the heaviest work to per- 
form. Not merely ns a translator, of course, but in bringing the French 
edition up to the state of our recent knowledge. We have only seen the 
French book momentarily, and of course we may be wrong ; but we fancy that 
a great deal of new matter meets the eye in this part of the work, and we 
heartily thank Dr. Duncan for the trouble he has taken ; for, if we do not 

• “The Transformation, or Metamorphoses of Insects ” (/(wefa Myria- 
poda, Arachnida, Crustacea). Being an Adaptation, for English Readers, of 
M. Emile Blanchard’s “ Mt5tamorphoses, moeurs et instincts des Insectes,” and 
a Compilation from the Works of Newport, Charles Darwin, Spence Bale, 
Friti Aliiller, Packard, Lubbock, Stainton, and others. By P. Martin 
Duncan, F.R.S., Professor of Geology in King's College, London. London : 
Cassell, Petter, & Co. 1871. 
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niistnke, he haa been at pains to make a work, that wa.s intended merely a‘< a 
popular one, do service of a good kind to both naturalists and the public 
generally. We believe, that it is he who introduced much that relates to 
the nervous system of insects, for we find in this work a great deal of 
matter that is absolutely new to popular treatises. Especially so is the 
account of the development of the nervous system in the larva of I a#ie«.<a 
tirficee, which is taken from that wondrous worker among insects, our 
English Newport, and which is briefly as follows : — “ Two hours after the 
hirvn of Vanetia urti'ca has suspended itself to undergo its transformation, 
and in which state it remains from six, eight, ten, or even twenty-four 
hours — according to the strength of the individual, and other circumstances — 
before it throws off its last larva-skin, a considerable alteration has already 
taken place in the body of the larva. The ganglions in the head are still 
distinct from each other, hut are a little in form, although not yet enlarged. 
The suh-a'sophageal ganglion is enlarged to nearly twice its original size, 
and the cords which join it to the brain are shortened, and so are those 
that connect the second, third, fourth, and fifth ganglions. The last two 
are separated only by a short interval. The fifth, sixth, and seventh are 
drawn closer together, the ends between them are disposed in a zig-zag 
manner, and the longitudinal direction of the nervous chain is in consequence 
altered. The ganglions, from the seventh to the terminal one, remain as in 
the active larva. A little while before the old skin is thrown off there is 
great excitement throughout the body of the insect. About half-an-hour 
before this occurs there is a considerable enlargement of the brain, the sub- 
oesophageal, and the second, third, fourth, and fifth ganglions. The cords 
that extend between them diverge very much, and those between the fifth, 
sixth, and seventh are disposed in a zigzag direction. Immediately after the 
insect hasentcred the pupa state all the ganglions are brought closer together, 
in consequence of the ends being disposed more irregularly than at any other 
period, which has been occasioned by the shortening that has taken place in 
every segment, by which the cords are rendered too long to lie in a direct line. 
Seven hours afterwards there is a greater enlargement of the brain, optic 
nerves, and ganglions of the thoracic segments, which begin to approach 
each other. At twelve hours the thoracic ganglions have united, and at 
eighteen the nerves of the wings have increased in size, and the nervous 
chain in the abdomen has become straight again. At thirty-six hours the 
optic nerves have grown nearly ns large as the brain, and the gullet is com- 
pletely surrounded by an extension of the ganglion under it, and the brain 
above. The sixth ganglion has disappeared ; and at the end of forty-eight 
hours the seventh is no longer seen, but the thoracic centres increase in 
size gradually. At fifty-eight hours the middle part of the chest has 
greatly increased in size, and the great nervous centres and nerve twigs, 
which will supply the wings eventually with energv', occupy it. The optic 
and antennal nerves have nearly attained their full development, and the 
arrangement of the whole nervous system is now nearly as it exists in the 
perfect insect. The whole of these important changes are thus seen to take 
place within the first three days after the insect has undergone its nieta- 
moqjhoses, and they precede tho-e of the digestive system.” We have given 
this rather long quotation for various reasons : in the first place, it illustrates 
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a TTomlerful phase in normal development ; again, it shows the marvellous 
insight of Newport, who must have spent many and many a weary hour ere 
he could lay down tersely the information above given. Lastly, it shows 
how carefully the editor (for we credit him with the quotation) has brought 
the work to its proper development in thus giving the general render 
some small idea of the amount of work done by a labourer who is known but 
to anatomists, but who deserves to be remembered when many of the present 
race of naturalists are no more. 

But the general reader, uninterested in metamorphoses, may think 
the above of very little significance, and may naturally be more interested 
in the general habits or other conditions of insects. If he be, ho cannot 
fail to find abundance to interest him in this work. For example, let us 
take some of the curious facts relating to parthenogenesis, which are 
recorded, and for which we think again we are indebted to Br. Duncan. 
Von Siebold, he says, “ collected a great number of the cases, or sacs, as ho 
calls them, of Sulenobia lichenella and S. triquetrelia, and to his great as- 
tonishment none but female individuals came out of them, and only a single 
locality furnished him with a couple of males. He kept these females care- 
fully in little vessels closed with glass lids, and found that they clung to 
their cases, resting upon the outside of them. These virgin females laid eggs 
and filled their sacs with them, and did not wait for a fertilising male, for 
they commenced egg-laying very soon after they escaped from the pupa-case 
or the chrysalis condition. When the Sulenobiee were removed from their 
sacs, they had such a violent impulse to lay, that they pushed their laying 
tube about in search of the surface of the sac, and at last let their eggs fall 
openly. He writes, ‘ If I had wondered at the zeal for oviposition in these 
husbandlcss Sulenobia, how was I astonished when all the eggs of these 
fem.ales, of whose virgin state I was most positively convinced, gave birth 
to young caterpillars which looked about with the greatest assiduity, in 
search of materials for the manufacture of little sacs.’ ” This is curious 
enough, but is just a mite from the immense store of information which the 
book contains; and we only wish that our space permitted us a more 
extensive quotation. But we have said, we hope, suflicient to show gene- 
rally the great value and importance of the work, which is an admirable, 
ter.^ly written, English work, and whose engravings are beyond comparison 
as they are almost beyond number. 



ELEMENTS OF MECH.\NISM.» 

I ^HE present work is one of a series which Messrs. Longmans are issuing, 
as we suppose, in opposition to the many works of a somewhat similar 
kind which are being circulated about at present. It is one of a series 
which the editor tells us is intended for the members of a large class which 



* “The Elements of Mechanism.” Designed for Students of Applied 
Mechanics. By T. M. Goodeve, Lecturer on .-Applied Mechanics at 

the Iloyal School of Mines. London : Long-mans. 1B7U. 
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liafi only become students of late years. Will it serve its purpose ? We 
cannot say in exact tenns, but we can tell wbat our impression is, and that 
is to the eflect that it will no!. In no way is this due to Messrs. Longmans, 
who have displayed ns much care in the publishing of this work as of any 
other, and who have turned it out in such a manner that, for illustration 
and typography, it is inferior to none ; but we fancy that the editor and the 
author have both gone upon the wrong scent. It is true that against this 
view Ls the fact that the work has gone through two editions already ; yet 
iiiu.st we express the opinion, that it is not exactly the work suited to the 
student of mechanics. The book is of course Bddre.'8ed to a different cla.ss of 
men from those for whom most similar writings are intended. In fact it is 
not intended for the ordinary student at all. Yet may we not say that the 
engineering and mechanical pupil, yiure and titnple, will not understand it if 
perchance it be the first work of the kind placed in his hands. For our- 
selves, we confess that if the work now before us — ably and intelligibly 
written as it is — were the first book given us as a manual of mechanics, we 
should fail to follow it in such a manner as it should be followed by the 
student. Yet may it prove quite the opposite with most students, and 
we heartily hope it may, for, though quite different from most treatises on 
mechanica, it is admirable in all its parts, and is most clearly and intel- 
ligibly written by the author. It is the first of Messrs. Ixmgmans' series 
that we have seen, and we have judged rather unfavourably of its appear- 
ance. 



A MANUAL OF COLOURS.* 

A C URIOUS book, and one which not often presents itself to the reviewer. 

What shall we call it, or how shall we describe it P It is not strictly, 
as its name implies, a manual of colours, for it contains many other subjecls ; 
but it is mainly such information as those interested in the chemistry of 
colours require. It is, in fact, an elementary manual of dyeing, and yet it is 
not entirely so. But if the reader will imagine a book in which is contained 
all the infonnation that a scientific dyer requires — that is, a dyer who is pre- 
pared to go into the chemistry of dyes — he will form a good idea of the nature 
of the work. It is got up in dictionary form, w’hich we think most excellently 
convenient for such a book — each paragraph being commenced by a titular 
word in deep black letters, or Egyptian type. What shall we say of the 
work ? We cannot affortl it much praise, for the reason that it by no means 
equals the subject it proposes to discuss. But then comes the question. Can 
YOU have better ? and to this we fear must be answered. No. The fact is that, 
save a rudimentary manual, or one considerably behind the time, none can now 
be written. Why ? the uninitiated will inquire. For the simple and very 
intelligihle reason that if it dealt with the subject in such a manner that all 
should be able to glean from it the different methods of dyeing, each would 



* “ The Manual of Ctdours and Dye-Wares, their Properties, Applications, 
A'aluation, Impuritie.s, and Sophistications, \c.” By .1. \V. Slater. I.s)ndon : 
Lockwood & Co. ISTU. 
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be able to adopt the process, and so while lie might benefit the State he 
would certainly ruin his neighbours. But his neighbours arc too cunning 
for this ; so when they discover a secret in dyeing, or any otlier chemical 
process out of which money can be turned, they simply keep it to themselves, 
and make money out of it while they can. The author, therefore, cannot get 
hold of it, and of course lie cannot put it into his book. But, with tliis 
exception, Mr. Slater's manual is a capital little work, well arranged, and 
with almost sufficient information on all subjects connected with the dyer. 
The reader, taking tlie.se facts into consideration, will, wo should think, 
consider the manual a convenient and well-informed assistant, as we do. 



TERSE GEOLOGY.* 

H ere is a curious book; a small one, and nevertheless a verj- useful one, 
which wo wonder, now that we see it, has not made its appearance 
earlier. It is evidently a concise, clear, and well-arranged note-book to the 
lectures of the eminent men who have produced it. We say a note-book, 
for of the materials of a note-book docs it consist ; but it must be remembcied 
that it is the note-book not of a student, bnt of a professor, and one too 
which emanates from two men, one of whom is one of the most thorough 
geologists in the kingdom. It is intended as a guide to the courses of 
lectures of two professors of geology and mineralogy — a very full note-book, 
to be sure, but still merely a note-book, to assist the student in placing 
together a vast amount of information to be derived from other sources. 
This is what the authors say of it: — “ The student will, on his part, find clear 
statements and explanations of the things, facts, and circumstances on which 
geology is based, whether he reads lecture by lecture, or begins with some 
particular subject, or according to some chosen classification, such ns either 
of the eight courses of lectures may supply. In either case he must make 
the matter his own by cross-references, using the index as explained in its 
prefatory note. Thus he will pursue a systematic study of every subject 
and set of subjects, either according to the lectures, one of the Synopses, or 
any plan that his own reading or his teacher may suggest Only by c/</s.n'- 
fyxny on some principle or other can a student master scientific knowledge.” 
We can only say that if the student follows the advice above given, he will 
become master of geology in a comparatively short period, and he will have 
learned one of the best methods of making himself familiar with a complex 
subject. We have only one regret, and that is the want of a few typical 
illustrations. These are certainly required ; and we trust that in the next 
edition, which must be nearly ready even now, the authors will take our 
advice so far. In every other particular the work, though small, is every- 
thing we can desire. 

* “Geology,” By John Morri.s, F.G.S., Professor of Geology and Mine- 
ralogy in Uniiersitv College, l.K>ndon; and T. Rupert Jones. E.G Si., I’rtifessor 
of Geology and Mineralogy, Royal Military College, Sa:idhur^t. I'’ir.)t 
ISeries. S an Voorst. 1870. 
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NATURAL rillLOSOPnY.* 

rPIIK book now before ns ie an English rendering of the French work pub- 
J- lisbed a few years since in Paris, and written by M. A. P. Dcschaiid. 
Professor Everett, U.C.L., tbe teacher of Natural Philosophy in Queen’s 
College, Belfast, has rendered it in English, and it has now appeared in its 
first part — that which is devoted to mechanics, hydrostatics, and pneumatics. 
We should have thought that there were sufRcient works on this subject in 
1-lngland without the introduction of a French volume. We could name at 
least half-a-dozen which wo think we could prove to be quite as excellent 
ns M. Deschaud's treatise; but then that is nothing; a very slight dilfer- 
cnce is sufGcient, to the mind of a professor in a new chair, who desires to 
make himself known to the world, to induce him to introduce a new work. 
We suppose that really the amount of difference between the present work 
and any of the various treatises which exist already, is, to the reader, ex- 
tremely small, however great it may seem to the translator. But the trans- 
lator is the person responsible, and he introduces the work. However, we 
may nicrel}’ call attention to the book as a very good one, and we suppose 
our thanks are due to the gentleman who has introduced it into England. 
His own work has not been extremely heavy, but, as far as it has gone, 
it is good, though rendered here and there in a less simple style than we 
think might have been adopted. The book has many excellent illustra- 
frations, and is remarkably well printed. Why it has been issued in a 
llexible cover we fail to see, though doubtless there are good reasons in the 
publisher's mind. 



THE TRUTH OF THE BIBLE.f 

A G.-VIN 1 A work on Biblical truth. Year after year some one comes 
forward to support the Bible against men of science, and we humbly 
ask the reason why? Do scientific men engage their attention in writing 
against Biblical records? Do Lyell and Huxley, or Murchison and Hooker, 
take the trouble to write huge books against the Bible, that it finds so many 
to support it ? Or is it that Church of England clergymen, with little of 
scientific knowledge, and with a courage proportionate to their ignorance, 
are anxious to make what they can by their penmanship? We fear this 
has something to do with it ; for we do not, we think, find that those who 
are conversant with the study of science are, as a rule, the most ready to 
rush into the held, prepared to hold a particular view of the Bible. No ; on 
the contrary. It is some country curate, gifted with abundance of time, 
learned in a few books, and worshipped by a number of old ladies, who lays 

* “Elementary Treatise on Natural Philosophv.’’ By A. Privat Des- 
eliaud. Translated and edited by J. I). Everett, D.’C.L., Professor of 

Natural Philo.sophy in Queen’s College, Belfast. I’art I. London : 
Blackie. 1870. 

t “ The Truth of the Bible ; Evidence from the Mosaic and other Records 
of Creations the Original Antiquity of Man,’’ &c., by the Rev. Boiir- 
chier Wrey Savile, .M..A., Curate of Coombe. Loudon: Longmsins. 1871. 
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hii whole strength to settle down, finally and clearly, that which, during 
the present century, has been the greatest mystery to all wlio have entered 
upon it. Such men are ever ready, at a few months’ notice, to take up any 
subject, and satisfy themselves that they understand it fully. They forget 
how many have already been in the field — how numerous have been the 
different views ns to Bible and Science reconciliation — and, finally, how 
instantly their ideas would have been rejected less than one hundred 
years ago. It would be idle to e.xamine this work, which is merely 
a sort of scrap-book, containing extracts from the many men who have 
written upon the subject, without any adequate conception of the 
matter by the author, who is simply one of those men who are prepared 
against science, and who necessarily come into the world and leave it without 
influencing in thedighiestdegiee\.\\o views of those who arc capable of forming 
opinions. lie holds the views he states — that is all. lie quotes a number 
of writers to show that scientific men differ much among themselves. He 
has given a book full of quotations of this kind ; in fact, it is what his book 
consists of. But then, we ask, what on earth does it prove ? That men 
disagree? We admit it, of course; what would the world bo if they didn't? 
But if the reader cannot see that the conclusions of scientific minds are, as 
years advance, becoming more and more distinct from the ideas of the Old 
Testament, and that such conclusions are in general terms complete, wo 
pity them. The Old Testament is losing much of its force as it was 
laid down a hundred years ago, but we do not see that this lessens Chihsti- 
anity in the slightest degree. We deplore books like the present, written 
by churchmen, in a bitter spirit of hostility to men of science, and impofsiblo 
to be read by those who are desirous of knowing nothing but the truth, 
and who seek it to their own cost, and their own d'sadvantage. Does 
the author think his book will satisfy a single really scientific sceptic ? 
If so, he is mistaken. And yet, wo ask, is it not the fact that every sceptic 
would desire to he convinced that there was a future life in store for him P 
Can the Christian conceive that life in this world is so delightful, that 
man would not hail with thesupremest delight the belief in a future and a 
(iod, did he really imagine before that they were not ? It is impossible for 
the thoughtful mind to imagine so wilful a sceptic, and it is for that reason 
that we think that a book which is written in the style that this one displays, 
in pages 174, 5, 6, is one entii-ely unsuited to the sceptical mind. 



A “HANDBOOK OF THE TELEGR.Vni."* 

W E know of no better book than this to place in the hands of a beginner, 
and we think, now that the management of the telegraph has been 
practically placed in the hands of the Government, that it should place this 
work on the table in every oflice in the kingdom. It is essentially a book 
which should he in such a place, fur it especially deals with telegraphy as 



* “Handbook of the Telegraph.’’ Being a Manu.al of Telegraphy. By 
11. Bond. Third edition. Lockwood. 1870. 
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an art, mid we l>now of no work from which so much may he gathered in so 
short a time. Its arrangement has been well planned, and its matter is ex- 
CL'llently arr,ing>'d, and, so far as we can see, made intelligible to the feeblest 
by putting the ditricult problems in a multitude of ways. It is so arranged 
that anyone, be he ever so simple, can understand it. It may seem unusuiil, 
but wo cannot avoid giving the contents; for they show, even more than 
any words of ours, how admirably the scheme of the work is carried out. 
The first part is of course introductory. Then follows advice to the student 
as to his form of application, various examples of the subject of examination 
being given; and next we have information as to ofiicials. Then follow in 
proper order a long list : — scale of charges, delivery of telegrams, double 
needle instrument, single needle instrument, Morse's printing instrument, 
grouping of letters of different alphabets, Hughes’ printing instrument, bell 
instrument, Wheatstone's automatic machine, Wheatstone's AIJC instru- 
ment, pneumatic code, postal telegraph codes, miscellaneous regulations, 
inland telegraph-forms, abstracts, abstract books, accounts, returns, railway 
companies’ messages and forms, railway-train telegraphs, offences, useful 
bint.s, telegrams and index. Altogether a most valuable, indeed invaluable, 
amount of infortn.ilion to the telegraph clerk. 



CIIKMLSTRV AXl) METALLURGY.* 

n ERE we have two books in Messrs. Longmans’ “ Text-book of .Science” 
series. They have quite recently reached us, and we are compelled to 
say of them that they undo the impre.ssion left upon our mind by the 
Manual of Machinery which we had seen as the first, and which we have 
noticed rather unfavourably. The present two works have left a satisfactory 
feeling upon our mind. They bear out the view expressed by the publishers, 
that “ the works will not be manuals for immediate application, nor uni- 
versity text-books, iu which mental training is the principal object; but are 
meant to bo practii-al trratisef, sound and e.ract in thrir lopic, and iciV/i 
ncrything and every process reduced to the stage of direct and useful ap- 
plication, and illustrated by ircll-selcctcd examples from familiar processes 
and facts. It is hoped that the publication of these books — in addition to 
other useful re.sults — will tend to the leading up of artisans to become can- 
didates for the Whitwoith Scholarships.” We think, ns we have said, that 
the authors of the present works — one of them unhappily removed from 
among ns — have done their work well, and in accordance with the plan on 
which the volumes themselves are laid down. 

And first of Mr. llloiam's labours. His has been the most laborious task. 
Metallurgy is not a subject so frequently treated of as Chemistry. He had. 



* “Metals; their Properties and Treatment.” By Charles Loudon 
Illoxam, Professor of Practical Chemistry in King’s College, London. Lon- 
don ; Longmans. 1870. 

“ Introduction to the Study of Inorganic Chemistry.” By William 
Allen Miller, H.C.L., late Trensuier and Vice-President of the Royal 

Society, Professor of Chemistry in King's College, &c. Longmans. 1871. 
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tlierefore, in bringing it within the compass of a small octavo volume, a some- 
what difficult duty, and yet do we think he has done it well. Of course it 
must not be imagined that he has treated of all the metals. Such a scheme 
would be beyond his plan, as it would most unquestionably have been beyond 
his pupils, lie has therefore, of course, selected just those metals which are 
eminently useful, not merely of special interest ; and has given us minutely, 
and yet clearly, the modes, step by step, followed in prooiring them from 
their ores, from the time the crude ore is taken in hand till the metal itself 
is discharged. lie has given ns the methods employed in the metallurgy of 
iron and steel, copper, tin, zinc, lead, silver, gold, mercury, platinum, palla- 
dium, antimony, bismuth, aluminium, magnesium, and cadmium. Indeed, 
some will say that he has dealt in a few instances with metals which have 
little or no real use in the arts, but we may remark that in these cases he 
has merely given a page or so each, so that they do not take up much space. 
But with the metals which come into daily use he has dealt liberally 
enough. Thus iron and steel come in for quite a third of the whole volume. 
The de.scription of these is full of interest, especially as the author has in- 
troduced a description of the Bessemer and various allied processes. This 
and the other parts of the volume are amply illustrated, and the illustrations 
are clear enough, but they strike us, merely from their appearance, as being 
either badly cut or used for some years, but this may he due to the fact 
that our copy is an imperfect reprint. Altogether we are veiy much pleased 
with the way in which Mr. Bloxam has discharged his task, and we hope 
the other volumes of the series will compare with his favourably. 

The late Dr. Miller’s work has been less difficult than the former author's, 
yet do we think it has been equally well done. We had expected that it 
would have been little more than a cutting down of the author’s well-known 
large volume (Vol. II.) on Inorganic Chemistry. It seems, however, to be a 
work written for a special purpose, and to be well adapted to the object the 
writer bad in view. It was much to be regretted that the author should have 
died before the book came out; but, so far as care, trouble, and energy could 
have been exerted upon the most laborious part of the writer's duties, that 
of “ seeing it through the press,” his friend Mr. C. Tomlinson, F.R.S., has 
been an able and a thorough friend. There is not much, of course, to say 
about the volume. It appears to be carefully executed, as we might have 
expected ; but there is one feature which we verj' much admire, and that is 
the introduction of experiments, within easy range of the student, and cal- 
culated to impress the foregoing matter upon his mind. These are 
numerous, simple, and cheaply performed, and we are glad of this introduc- 
tion in such a volume as the present one ; altogether it is, like Professor 
Bloxam’s, an excellent little volume, and we heartily wish both every success 
in the world. 
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COFFEE-PLANTING.* 

rpiIIS is the second edition of a work which, of course, can have little 
-L interest for the great majority of our readers. Yet is it a special work, 
well done, and of considerable value to a certain number of persons. It is 
the practical experience of a gentleman who has had no less than twenty 
years’ work in the districts of Pussilava, Ilewahette, and liambodde. 
It must therefore be good, and, so far as we can judge, it is extremely full, 
and really is rather generally interesting. The author has not supplied his 
own experience alone. He has taken numerous extracts from Labories’ 
well-known treatise, which, though old, is still an excellent work. In 
addition to this, he has given the substance of various letters, and a quantity 
of matter, from Ferguson’s “Ceylon Directory,” 1804-6. Altogether he 
has tried to make his book interesting and useful, and we think he has 
succeeded. 



OTHER WORLDS THAN OURS.t 

rpiIIS, the second edition of Mr. Proctor’s celebrated treatise, reaches us 
-1- too late to admit of our giving to it more than a casual notice. Still 
we must say a word or two. The preface strikes us as being not the least 
interesting portion, for therein does the author deal with those opponents 
of his ideas who have endeavoured hy unfair means to take from him his 
own ideas, and who, desirous of not recognising his exposure of their errors, 
liave dealt with him in a manner not characterised by that openness and 
honesty which some scientific men would have at once exhibited. Wo 
have read Mr. Proctor’s remarks in this part of his work with considerable 
care ; and, so far as we can see, he has (considering the treatment he has 
received from certain opponents) been not a whit too severe, while at the 
same time his arguments appear most just, and if Professor Pritchard and 
Mr. N. Lockyer do not give us some satisfactory reply, we shall of course 
be compelled, greatly to their disadvantage, to accept to the fullest degree 
the explanation Mr. Proctor has so clearly given. Among the more im- 
portant novelties in this edition we may refer to the evidence against the 
theory that the cloud-belts of Jupiter and Saturn are raised by the sun’s 
heat. He considers that the forces inherent in these planets are abundantly 
sullicient to account for the phenomena. The author also endeavours to 
demonstrate that there are laws of stars, aggregative and segregative, other 
than those laid down, and he believes that the Milky Way is not a structure 
of stars of all orders, but is, in fact, a small stream “ amidst which many of 
the lucid stars are immersed.” As regards Mr. Proctor’s last chapter, we 
can oircr no opinion whatsoever. 

• “ The Coffee Planter of Ceylon.” By William Sabonadiire. Second 
edition. Ijondon : Spon. 1870. 

t “ Other Worlds than Ours. The Plurality of Worlds studied under 
the light of Recent Scientific Researches.” By Richard S. Proctor, B.A., 
F.R..V.S. Second edition. London: Longmans. 1870. 
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METHOD AND MEDICINE.* 

D r. foster has in this volume dealt with the mode in which the 
medical man should await knowledge — not content with what is 
known, not over desirous of adding novelties to science, but between the 
two. His advice is excellent, and is what we should expect from one who has 
had such ample experience both as physician and teacher. The volume is 
an essay which originally appeared among a series of papers by the members 
of the Birmingham Speculative Club, from which the author has, in our 
opinion, done well to reproduce it. It displays at once the scholarship of 
on able physician and the style of a by no means inexperienced writer. 



• “ Method and Medicine.” An Essay. By Balthazar W. Foster, M.D., 
Professor of Medicine in Queen’s College, and Physician to the General 
Hospital, Birmingham. London: Churchill. 1870, 
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ASTUOXOMY. 

^IVIE EcHjtie Ri/uflUiotu . — The arrangements mode by the yarious eclij'se 
parties will b>5 found among the articles. When these lines are read the 
results of the observations will be known to the world. We shall probably 
hare learned much as to the nature of the corona, while the doubts which 
l.ave been urged as to its position will (it may fairly be hoped) have been 
filially removed. 

T/ie /AHlitwal I.iijhl . — Closely aasociated with the subject of the corona, 
the zodiacal light has received of late a considerable degree of attention. In 
a long paper on the subject in the Monthly Notices of the Royal -\stro- 
numical Society, Mr. I’roctor discusses the various theories which have been 
propounded respectiug this object. lie remarks that the geometrical con- 
siderations applicable to the zodiacal light are too definite to admit of 
question — in other words, the path to be followed in seeking for a theory of 
the object is unmistakable ; but he considers that hitherto this path has not 
been traced out far enough, “ the perplexities which presently surround us 
as wo follow it having seemed, perhaps, to render further research hopeless.” 
The very difficulties of the subject, however, tend to render the rejection of 
erroneous theories more certain, and therefore must cause the true theory to 
admit of the more satisfactory demonstration. He then proceeds to discuss 
the several theories. He points out first that the rising and setting of the 
zodiacal light, in a manner precisely cori'e.sponding with what would be 
observed if it were a di.-tant object like a planet or star, at once disposes of 
the theory that the light comes from matter lying within the limits of the 
earth's atmosphere. Such matter might seem, on a given occasion, to rise or 
set according to such a law, precisely as a balloon might seem to follow the 
motion of the setting sun : but only by a singular accident, and not syste- 
matically. Again, the theory that the light is due to a ring of matter sur- 
rouuding the earth is disposed of by the fact that the gleam shows no 
appreciable pandlactic displacement, as seen from dill'eient parts of the 
eaith. Such a ring, if far olf, would form always an all but complete arc of 
light, from the eastern to the western horizon ; the shadow of the moon 
only appearing ns a relatively narrow dark rift across the brightest part of 
the gleam. And if the ring were close by, it would be invisible in mode- 
rately high latitudes. I’assing to cosmical theories, .Mr. Proctor shows that 
the zodiacal light cannot be due to the existence of a disc of bodies, travel- 



Digitized by Google 




SCIENTIFIC SCMMAKT. 



79 



lio); ia orbits of small eccentiicity arouud the sun; for in that case the 
luniinositT of the gleam would be more constant, and its position more fixed, 
than is actually the case. Nor can the appearance, and changes of appear- 
ance, of the zodiacal light be accounted for by the existence of bodies travel- 
ling in orbits of considerable eccentricity, so long as the whole of each orbit 
lies relatively close by the sun. “ We are thus led to the conclusion,” he 
adds, that the bodies composing the zcdiacal light travel on orbits of con- 
siderable eccentricity, carrying them far beyond the limits of what may be 
called the zodiacal disc. The constitution of the disc thus becomes variable, 
and that within limits which may be exceedingly wide. They mutt be so, 
in fact, if all the recorded variations of the zodiacal light are to be accounted 
for. In other words, it is requisite (if the evidence is to be explained) that 
the paths of the materials composing the zodiacal light should be not only for 
the most part very eccentric, but that along those paths the materials should 
not be strewn in such a way that a given portion of any path is at all times 
occupied by a constant or nearly constant quantity of matter.” According 
to this view, the constituents of the zodiacal light resemble very closely — at 
least, as respects distribution along their several paths, and the general 
figure of those paths — the meteoric systems which the earth traverses in the 
course of her motion around the sun. Mr. Proctor then proceeds to show in 
how many respects the results deducible from this theory accord with 
known facta respecting the zodiacal light, meteoric systems, comets, and the 
corona. 

The Coloum of Jupiter . — The planet J upiter, which has of late formed so 
interesting a subject of study to astronomers, is now very favourably 
situated for observation — having passed his opposition on December 13. Ills 
odours are even more striking this year than they were in the winter 
months of 1869-70. Mr. Browning thus speaks of the appearance of the 
planet on October 24 and 25, 1870 : — “ The equatorial belt was of a fuller 
ochreish or tawny colour than when I observed it during the previous op- 
position. A bright belt to the north of the equator was much the brightest 
portion of the planet's disc. The dork belts on the northern side were of a 
very dark brown, with less copper colour in them than I found during my 
previous observations. The portion of the disc to the south of the equator 
wa.s peculiarly free from bells. This refers specially to the views I obtained 
on the 24th. The hemisphere seen on the 25th had a light and a dark belt 
about midway between the south pole and the equator, tolerably prominent. 
The ochreish belt was mottled all over the surface with white cloudy mark- 
ings or patches — a distinct line of them, though separated by darker mark- 
ings between, evidently encircled the whole of the planet — a little way to 
the south of the true equator.” 

1‘hotographe of Jupiter . — As some question has been raised by the Green- 
wich observers as to the reality of the changes detected and described by 
Mr. Browning, it is worthy of notice that, besides the abundant evidence 
which was brought forward in proof of Mr. Browning’s views by telescopists 
who have observed the planet as well with refractors as with reflectors, 
photography has supplied a proof of singular force and clearness. Lord 
Lindsay bos taken two photographic negatives of Jupiter at Mr. De la Rue's 
observatory, within a qiuirter of an hour of the time w hen Mr. Browning 
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made the first of the drawings described above. In these negatives the 
equatorial belt is almost absolutely transparent. As Mr. Browning remark.s, 
*• the light from the orange-coloured belt has failed entirely to act on the 
sensitive collodion surface.” In negatives taken during previous years, tiie 
equatorial belt has exerted the most marked action on the collodion film, so 
that the belt has come out quite opaque. 

Browning's Auiomntic Spectroscope. — The principle of this ingeniou.s 
instrument has been made the object of several rival claims, which seem to 
ns to have no foundation whatever. On the one hand, Herr von Littrow 
claims for his son (lately deceased) the invention of the plan, and in con- 
firmation of the claim points to a volume of the Proceedings of the 
Imperial Society of Vienna. On reference to this volume we find on auto- 
matic spectroscope described, which bears not the most remote resemblance 
to Mr. Browning’s, and would certainly not reward the mechanician who 
should attempt to remove it from the domain of pictures. On the other 
hand. Professor Young, in describing an instrument he has successfully 
employed himself, speaks of Mr. Rutherford as the originator of the idea 
of slotted bars working over a central pin. He mentions no date, however, 
nor does he give any evidence whatever to show that Mr. Browning had 
had the opportunity of hearing of Mr. Rutherford's ideas. Now Mr. 
Browning can prove that, so far back as 18C2, the idea of his automatic 
spectroscope had not only been conceived by him, but described to others. 
As the automatic spectroscope is a most important addition to our spectro- 
scopic appliances, it does seem desirable that those who advocate the claims 
of others to its invention should give satisfactory evidence in support of 
their views. But it may bo remarked, in passing, that the mere enunciation 
of the idea that slotted bars attached to the prisms would give the required 
motion would by no means suffice to establish a claim as against Mr. Browning. 
A modification of the plan first described by Mr. Browning has been 
suggested by Mr. Proctor, and at the last meeting of the Royal Astrono- 
mical Society Mr. Browning exhibited a spectroscope constructed on this 
modified plan. It presents certain improvements. The theoretical require- 
ments of an automatic spectro.scope to give minimum deviation for all rays are 
strictly fulfilled, and, further, the motion of the viewing-telescope is guided by 
the same slot-movement which controls the motion of the several prisms. 
It is proper to point out, however, that these improvements must be regarded 
os essentially included within Mr. Browning’s own plan. Mr. Proctor 
claims no shore of the credit due to the modified instrument: and this is but 
simple justice, since surely nothing can be more unfair than to step in 
between an inventor and those improvements which are sure to follow the 
first construction of a new instrument, and then to claim the improved 
instrument as one’s own. 

Double and Twice-acting Automatic Spectroscope. — Mr. Proctor has pro- 
posed a plan, which we believe Mr. Browning is carrying out, for extending 
the automatic principle to a second battery of prisms, an intermediate 
prism of four faces carrying the light from one battery to the other. Of 
this pri.sm three faces act on the light. At the first there is refraction, at 
the next total reflection, and at the third refraction again. As at each re- 
fraction the dispersion is increased precisely as when the light passes into or 
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out of any one of the prisma of either battery, there is no waste of liglit in 
the passage through the intermediate prism. The two batteries are auto- 
matically adjusted to minimum deviation for all rays. After passing 
through the two batteries, the light is reflected and sent again through both 
hatu-ries, and by means of a diagonal prism the observer is enabled to ex- 
amine the spectrum through an eye-tube at right angles to the axis of the 
collimator. In this last respect the plan diSers in nothing from that 
adopted long since by Janssen and others. The novelty of the instrument 
consists in the arrangement for including a second battery in the automatic 
system. The dispersive power thus secured — with perfect adjustment — 
can be made as great as that due to twenty-one or even twenty-three 
equilateral prisms of dense fliut-glass. As motion is communicated to the 
intermediate battery, the eflective length of connection is no greater than in 
the case of the single automatic battery. 

Gmbb’t Atdomatic Sjyfctroscope. — Mr. Grubb has devised an automatic 
spectroscope, which is intended for use with the fine telescope lately 
placed by the Royal Society under the management of Dr. Huggins. In 
this instrument, which was devised so far back as last March, there are five 
compound prisms ; each consisting of a rectangular prism of dense flint- 
glass, bounded by two prisms of crown-glass of small refracting angle, and 
introduced merely to get tbe light through the rectangular prism. These 
five prisms are automatically adjusted to minimum deviation, and the light 
is taken twice throvigh the battery and viewed through a fixed eye-tube, ns 
in Mr. Proctor's plan. Whether securing minimum deviation through a 
compound prism of this sort is equivalent to securing those optical condi- 
tions which result in the case of minimum deviation through a single prism, 
is a question which Mr. Grubb baa not, so far as we know, considered. It 
seems unlikely that tbe spectral lines can be so well defined when these triple 
prisms are used as where single prisms are employed. But experience only 
can determine which plan is preferable. 

The Total Eclipse of the Moon last July. — The Astronomer Royal observed 
this eclipse in a peculiar manner. “ Being shortsighted,” ho says, “ (the 
distance for distinct vision less than five inches), and every luminous object 
being seen as a broad blur, I can compare the quantity of light from 
sources of very different character. Thus I found that the quantity of light 
received from the eclipsed moon was less than that from Saturn and greater 
than that from « Aquilte, including some from and 7 Aquilte. The light 
of the moon increased considerably in ten minutes after the time of central 
eclipse.” “ I infer,” he adds, “ that the only part in which the shadow is 
nearlv total is the centre of the shadow, and that a large amount of light 
falls within the geometrical limits of the true shadow.” 

The Satellites of Uranus. — A question has been raised as to the existence 
of any more satellites of Uranus than the four seen by Mr. I.assell. Professor 
Pritchard has indeed somewhat roundly asserted that to believe in more than 
these four is to attack Mr. Lassell. Very few seem to be aware how tlie 
matter really stands. Mr. Proctor, in the hlonthly Notices of the Astro- 
nomical Society, defends the claims of Sir William Ilerschers other four 
satellites. He points out that Sir William Herschel by no means expressed 
(as the Savilian Professor supposes) a mere suspicion of the existence of these 
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other satellites. On the contrary, Ilerschel distinctly says that he had not 
kept back the announcement on account of any doubts he had, but because 
he hoped to determine the elements of the orbits. Now it has never hap- 
pened that where Sir William Ilerschel has expressed certainty about a 
matter of observation, he has been shown eventually to have been in error. 
But it may be urged that Mr. Lassell's telescope being far finer than Tlerschel's, 
and showing the four other satellites far more distinctly than they seem to 
have been seen by Ilerschel, the non-detection of the four fainter ones would 
seem to show that they have no existence. Ilere, however, a distinction 
must be drawn between two qualities of a telescope — defining and illumi- 
nating power. It is quite clear that as respects defining power Mr. Lassell’s 
four-feet reflector has greatly the advantage over the four-feet reflector at 
Rlougb ; and as respects the satellites nearest to the planet, he would on 
this account alone probably have a certain advantage, since an ill-defining 
reflector would throw a good deal of diffused light over the field near the 
planet. In illuminating power, however, it seems by no means so clear that 
the Slough reflector is greatly surpassed by Mr. Lassell's, even tmder equal 
circumstances. Now Sir William Ilerschel failed to detectthe satellites when 
he used bis telescope as Mr. Lassell has always used his — that is, as a New- 
tonian ; and only when he used the “ front view,” by which the illuminating 
power was greatly increased, could he gain even a glimpse of them. Even 
then only his skill and long practice in searching for minute points of light 
enabled him (as he himself tells us) to succeed. Under these circumstances 
there seems no adequate reason for dismissing these four satellites from the 
solar system. It is worthy of notice that Mr. Lassell does not seem to have 
been aware, when he urged the dismissal of the satellites, that Ilerschel 
had had more than a suspicion of them ; for he says “ Ilerschel may have 
mistaken small stars for satellites,” the very error the great astronomer was 
so careful to avoid. So far as one of the satellites in question is concerned, 
indeed, Mr. Lassell has himself shown (unwittingly) that it may exist. 
For he has said that if any satellites within the range of his telescope 
exist, they must travel very far from their primary, and in a period of at 
least three months. Now one of Ilerschel's is at a distance corresponding to 
a period of more than .“IJ months. 

Phot«ffraphing a Solar Prominence hj yieane of the Spectroicope. — Pro- 
fessor Young has succeeded in taking a photograph of a solar prominence by 
means of a double-acting spectroscope of high dispersive power. The result 
is in itself, as he admits, valueless ; but it is full of promise. The day will 
doubtless come when the condition of the sun’s limb will be recorded as 
systematically by photography as the condition of the solar surface has been 
recorded at the Kew observatory. 

The Planets. — Jupiter will continue favourably situated for observation 
during the next quarter. He is stationary on February 10, and in quadra- 
ture on March 8. Mars, however, is the planet of the quarter, as he comes 
to opposition on March 20. He will be stationary on February 0. .\s he will 
be in aphelion on January 21, this is not a favourable conjunction. But the 
northern parts of his surface ought now to be studied, as they are more fully 
turned towards the earth than in perihelion oppositions. Saturn is slowly 
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ptMing away from the sua's neigli^^ourhood, and will not be stationary until 
April 19. 

Eclipte of the Moon . — On the evening of January 0 the moon will be 
partially eclipsed. The following are the principal elements of the eclipse 
(which will be visible in Elngland) : — 

Mean Time at 
Greenwich 

II. M. 



First contact with the penumbra . , 


, . 0 


273 


P.V. 


First contact with the shadow , . 


. . 7 


462 




Middle of the Eclipse .... 


. 0 


10-4 




1.4ist contact with the shadow 


. 10 


40 0 




Last contact with the penumbra . . 


. 12 


6-6 


if 



The magnitude of the eclipse (moon's diameter as 1) will be 0 0S8. First 
contact with the shadow will occur at 130° from the northernmost point ot 
the limb towards the east ; and last contact at 127° towards the west. (In 
each case for direct image.) 



BOTANY, 

“ Crow's Nests" or “ Fasciations .” — At the meeting of the Academy of 
Natural Science of Philadelphia in August last, Mr. Thomas Meehan said 
very little had been written about the causes of those hunches of branches 
often seen in trees, and called by the people “ crow’s nests,” and by botanists 
fasciatiotu. Dr. Masters, in Teratnloffy, briefly refers to them, and alludes to 
“ over nutrition ” as the cause of their existence. lie had watclied almost 
daily the past year one of Abies balmmea on bis own grounds. The branclilets 
were weak, the leaves were comparatively long and slender, not distichously 
arranged, pale in colour, deciduous, and many of the branchlets died in the 
winter. All these were evidences of weak nutrition. He had found two 
trees of sassafras, apparently of the same ago, growing within a few yards of 
each other, but one with numerous fasciculated bunches. In addition to the 
characters in the other case, here the fasciculated tree was nut as large as 
the other one. That weakness, not strength, was the cause, was also proved 
by facts from an opposite direction — namely, the law of sex. He had already 
shown that a low condition of vitality favoured male, at the expense of the 
female organa He had found a large number of fasciculations in the 
common blackberry, and in all instances, besides the yellowness and the 
other marks, there was a tendency to abortion in the pistils, an increase in 
the number of petals, and a development of foliaceous points to the usual 
calyx segments. So that his law of sex, ns well as the usual phenomena of 
weakened vitality, indicated that it was this and not over-nutrition which 
caused fasciations in trees. 

The Germ Theory of Fermentation . — A series of papers under this heading 
has recently been published in the Chemical Xeics by Dr. A. E. Sansom. 
They can be referred to by those not well acquainted with the literature of 
the subject. We find, however, nothing that is new in Dr. Sonsom’s obser- 
vationa 
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The Fiwffu-i Shiotr at the Itoynt Ilorlinillurnl Society on Wednesday, Oet. 5, 
was nn attractive one. Notwithstanding the drought, a great many fine and 
curious specimens were exhibited ; and as there was no collection in the first 
class, which was confined to edible fungi, the prizes were awarded to Mr. (}. 
Worthington Smith and Mr. James English, whose collections were con- 
sidered of equal merit, while the second prize was given to Mr. Hoyle. 

The Feiiilization of SnU ia and other IHants. — Mr. Thomas Meehan called 
the attention of the American Association to the arrangements of some 
plants for preventing fertilization through any other than insect agency, ss 
discovered by D.irwin. The Sah-ia family of plants had the most elaborate 
arrangements for insect ag»‘ney, but it h.ad been objected to Darwin’s theory 
that insects made no use of them. Bees bore holes through the tube from 
the outside for the honey, and do not enter by the mouth of the flower, as 
they ought In the same way, in the Petunia, bees bore for honey from the 
outside. He had discovered that in these cases, where day insects failed to 
make use of these apparstuse.s, fertilization was carried on by night-moths, 
so that the objections to Darwinism were removed. Ho also referred to the 
common sweet chestnut, as bearing two classes of male flowers, only one of 
which probably aided in fertilization. The first class appeared ten days 
before the other, and are those which give whiteness to the trees. They 
appear in the axils of the weak shoots. The female flowers appear on the 
apices of strong shoots, according to his theory of the laws of sex. The 
second class of male flowers appear at the ends of the vigorous shoots 
l)earing the female flowers. Whatever affects the vigour of the tree inter- 
feres with the production of female but not of male flowers, and this was 
the reason whj’ some seasons had short crops. 

The Venation of Ifatcthoms . — In a paper read before the Microscopical 
Section of the Manchester Literary and Philosophical Society (Nov. 7), Mr. 
Charles Bailey says : — “ It is not a little remarkable that there is one pecu- 
liarity in the venation of the hawthorns which is invariably overlooked by 
the draughtsman and engraver, viz. the direction of the secondary nerves, 
which proceed from the midrib to the base of each sinus ; such an arrange- 
ment is very rare, being found only in some other species of Cratcegue, as V. 
Azaroht», &c., in species of Payne, and in a few other plants.” 

Are certain Botrychiums Ppiphytief — Mr. J. H. Bedfield states that on a 
recent visit to the northern part of the State of New York, he had noted the 
Botryrhinm lunarioides and Botrychimn lanccolatnm growing under circum- 
stances that seemed to confirm the idea that these species are really under- 
ground parasites, or epiphytic plants. More than twenty plants were noticed 
scattered over a space of a mile in length, and in every instance they were 
growing near the common blackberry (Bubut villostie), and every plant that 
was lifted had its roots iu contact with the root of the blackberry. He 
referred to the peculiar character of the root of this genus— so different from 
that of other ferns, and so similar to that of sonse orchids — and to the fact 
that these species, so widely di.stribufed, seem nowhere abundant — as favour- 
ing the idea of their epiphytic character. Mr. Newman some years ago 
expre.ssed the opinion that the British Botrychium lunaria is an underground 
parasite, but Moore and others have doubted. Mr. Redfield desired to call 
the attention of botanists to the conditions under which these and other 
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opecies of Botrychium may be found, with a vieir to determine tbe ques- 
tion. 

Thf American CvmpoM Plant.— T) t. Thomas Hill, who read a paper on 
this subject before the American Association at the last meeting, says that 
in June, I860, as he was coming from Omolia to Chicago, on a ver}’ dark 
rainy day — so dark that he could not form an}’ estimate of the points of 
the compass from the sunlight — at three different points on the prairies he 
noticed young plants of Silphium laiiniatum, and estimated from them, while 
going at full speed, the course of the railway track. On reaching Chicago 
he procured, by the kindness of the officers of the C. & N. \V. road, detailed 
maps of the track, and found where he had estimated the bearing at 35°, 
75°, and 00°, the true hearings were 31°, 78°, and 00°. In Octoljer, 1800, 
being detained by an accident at Tama, he gathered seed, and this spring 
raised a few seedlings. Drought and insects destroyed part of them, and he 
could only give the history of eight plants, with fourteen leaves. Ten of 
these fourteen leaves showed a strung disposition, when about four inches 
high, to turn to the meridian ; the other four showed a feeble disposition in 
the same direction. These ten leaves, on coming up in June, had an average 
bearing of 42°, and the mean beiu-ing was nearly ns large. Dut in August 
the same ten leaves showed an average bearing of only 4^°, and the mean 
bearing was but 2j°. Dr. Hill refers this polarity to the sunlight, the two 
aides of the leaf being equally sensitive, and strug-gliug fur equal shares, 
lie hoped in a more favourable summer to test this, and several other points 
which bad suggested themselves, by experiments. 

Scleroderma vulyare an Eatable Eungm. — The Food Journal (an interesting 
periodical, which we are glad to see succeeding) contains a very interesting 
note ou the above by the Rev. M. J. Berkeley, F.R.S., in the December number. 
It is as fullowH : — “ I was somewhat surprised some time since, amongst a 
host of other enquiries respecting the qualities of particular fungi, to have 
Scleroderma vulgare submitted to me ; and still more so, after my evil report 
of it, to find that it had been largely eaten and pronounced very good. It is 
only in the young state, of course, that any question could arise about it, for 
like its allied putl'-balls, when old, it is tilled with a mass of loathsome dust. 
[ ought, however, to have recollected that its use as an article of fooJ Wiis 
no novelty, as under another and false name it has been largely employed at 
Paris instead of the trullle of Perigord, to adulterate Perigord pics, the 
quality of which was, in consequence, much deteriorated. Young sjieci- 
mens were given by the late .Monsieur De.-mazidres in his ‘ Plantes Crypto- 
games du Nord de la P'rauce,' P’asc. xvi., 1P30, as specimens of the white 
trullle, though the s'rncture is totally dillerent. It is found abundantly in 
the neighbourhood of Mons, where it frequently appears in the market, and 
is sent from Belgium, in great quantities, to Paris. Some pains are taken to 
guard it in the place of its growth, by covering it with earth, until of suffi- 
cient size, against the ravages of animals, but especially of the magpies. 
The same thing clearly is figured by Corda, under the name of Poiiipholgx 
tapidum, who considers it superior to either the black or white trullle. I 
am not certain whether Dr. Bull, who is such an authority on the subject, 
ha.'* really tried its culinary properties ; but in a letter, recently received, he 
•ajs, ‘I am afraid ScUroderma rulgare, though doubtless edible when 
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Toung, like all the other puff-hAlls, will scarcely do to recommend as edible, 
since it is so small and not attractive by its colour, even when young, iind 
very dangerous at an earlier stage.’ There seems always to he conflicting 
evidence about the quality of fungi, the truth probably being that the same 
species may be wholesome or the contrary, according to local or climatic 
condition, or from idiosyncratic peculiarities of constitution. Sparayrii 
crispa, one of the largest and most beautiful of our fungi, has occurred lately 
in two or three localities ; and I have myself had some dressed which came 
from Miss Broadwood, of Lyne, in Hamphire, which proved excellent A 
tingle specimen, like Lycoperdon giganteum, is so large that it would almost 
be sufficient for a Ix>rd Mayor’s feast.” 

Nutrition and Sex in Piantt. — In the American Naturalid for November, 
Mr. Thomas Meehan gives a short account of his paper on the above subject, 
lie refers to his “ laws of sex,” read last year, and now proposes to show 
that a decreased power of nutrition is one of the operating causes against 
that high state of vitality necessary to produce the female sex. lie stated 
that there were two classes of male flowers on the common chestnut (Ow- 
tanea Americana), one from the axils of leaves on weak branches, the other 
terminating the vigorous shoots, only on which the female flowers are 
formed. The axillary male flowers mostly matured before the supra-pistillate 
ones opened. These were extremely weak, owing to the superior absorptive 
p<5wer of the females below them. He then exhibited some specimens of 
these, as well as some from a very large chestuut tree, which had always 
borne abundant fruit, but had this year produced nothing but male floweis. 
The leaves were all striped with yellow and green, indicating, as eiery 
experienced gardener knows, that nutrition was obstructed. Plants over 
watered, by which the young feeding roots rotted, always put on this yellow 
cast. The yellow tint always followed “ ringing ” the branches, or any 
accident done to the hark. The influence of this de fective pover of nutrition, 
in this instance, he held so clear that he had no difficulty in concluding that 
it was one of the agents which operated on the laics of vitality that governed 
the sexes. 

Difference of Sex with Difference of Station. — It is a very curious fact that 
there are many plants common to this country and America which present 
ditferent sexual characteristics in the two. At a late meeting of the Phila- 
delphia Academy of Science, Mr. Meehan exhibited some specimens of 
Jtiimex oblongifolius, a naturalized dock from Europe. He said that so far 
as he could ascertain from European specimens, and the descriptions of 
Babington, Bromfield, and other English botani.sts, the plant was there 
hennaphrodite ; but there, as correctly stated by Dr. Asa Gray, it was 
monreciously polygamous. He thought the fact that plants hermaphrodite 
in one country becoming unisexual in another was worthy of more attention 
by those engaged in the study of the laws of sex than had been given to it. 
This Dumex did not stand alone ; R. crispus and R. patienta exhibited the 
same thing. Fragaria was another instance welt known to horticulturists, 
although the fact scientifically had not received due weight. The average 
tendency of the strawberry in Europe was to hermaphrodism — here to 
produce pistillate form.s. He also called attention to the fact that in these 
American specimens unisexuality was in proportion to axial rigor. This law 
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he had already explained in timea past to the Academy, and new instances 
were scarcely necessary. Here, howe?er, the moderately weak plant had 
more hermaphrodite flowers than the strong one ; and in both classes of 
specimens the number of male flowers gradually increased with the weaken- 
ing of the axis, until the ends of the raceme were almost wholly of male 
flowers. The first flowers on the strong verticels were usually wholly 
pistillate. 



CHEMISTRY. 

The Filtralion of Strang Acitin. — Dr. James St. Clair gives the following 
simple and exact method iu the “ Chemical News ’■ of September 30 : “ Into 
the narrow part of an ordiuary glass funnel, spun glass (such as is used in 
making tails for gla.ss birds) is closely packed, and over this is sprinkled 
ground glass to the depth of a quarter of an inch, care being taken that 
both the funnel and glass are perfectly clean. About four ounces of boiling 
water are then allowed to pass through the filter, which is then allowed to 
dry, and, previous to being used, is moistened with a pure specimen of the 
acid to be filtered. A filter so constructed is as efficient as any with which 
he is acquainted, is very durable and cheap, while, from the fact that these 
acids do not act on gloss, freedom from contamination during the process is 
perfectly ensured. Such filters, or the materials necessary for their prepa- 
ration, may be obtained at Mr. Motherwell’s, 73 Union Street, Glasgow.” 

Whnt is Thymol f — The “Medical Press ” of December 7 saj-s that Mr. 
Henry Draper, of Dublin, exhibited to the Dublin Chemical Club, at its last 
meeting, a specimen of a new preparation which has been proposed as a 
substitute fur carbolic acid. It is named thymol, and is a derivative of the 
Thymus vulgaris, the monarda or horse-mint, and the Ptycliotisan East 
Indian umbelliferous plant. It is of a similar cheniical composition to car- 
bolic acid, but destitute of the very unpleasant smell of this popular disin- 
fectant. It melts at 44° Centigrade, and is soluble in 300 parts of water. 
It resembles carbolic acid in forming compounds with potash and soda, hut 
difiers from it in that these compounds are very unstable, being decomposed 
even by carbonic acid. The introduction of this preparation recalls to mind 
the fact, that oil of thyme wa.s in past years a favourite popular remedy for 
the toothache, and it is only now that its efficacy and the causes of such 
efficacy have been made manifest. The oil of thyme is prepared in liurge 
quantities in the south of Fnuice, where it is used for printing on china. 

Acid Xatiire of the Organic Matters m River JVater . — Herr F. Stulba, 
writing in the second number of “ Dingler’s Journal " for October, states 
that, according to his experience, obtained by making (in Bohemia) a large 
number of water analyses, all waters which contain a large proportion of 
organic matter contain it in combination with bases, chiefly lime, and that, 
therefore, the organic matter is (as already suggested, and partly experi- 
mentally proved by Berzelius) of em acid nature. 

Death of Professor Miller . — The “ Chemical News ” gives the following 
sketch of I’rofcssor W. Allen Miller, M.D., F.R S., Professor of Chemistry 
in King's College, who died on October 30, 1870. He died at Liverpool, 
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wbither he had gone to take part in the proceedings of the British Associa- 
tion. Dr. Miller was bom at Ipswich, on DecembiT 17, 1817, and in his 
twenty-fourth year he became assistant to the late Mr. Douiell, Professor of 
Chemistry in King’s College, London. In 1844, he co-operated with his 
master in the publication of a paper on the “ Electrolysis of Secondary Com- 
pounds.” In the following year he was elected a Fellow of the Royal Society, 
and succeeded Mr. Daniell in the chair of chemistry in King's College. Ilia 
chief work at this time was his paper on the “ Spectra of certain Vapours,” 
published in 1846. In 1849, he again came before the scientific world with 
a paper on the “ Atomic Volumes of Organic Liquids.” From this date his 
time appears to have been chiefly absorbed by other than purely scientific 
subjects. He held the posts of treasurer of the Royal Society, president 
and afterwards vice-president of the Chemical Society, and aasayer to the 
Royal Mint, besides being member of the Science Commission. His later 
contributions to the scientific periodicals were, a paper on “ Transparency,” 
in the “Journal of the Chemical Society,” some “ Analyses of Gutta Percha,” 
and “ A Treatise on Potable Water.” In conjunction with Mr. Huggins he 
investigated the spectra of the fixed stars. He is known to tlie educational 
world by his voluminous and widely popular “Treatise on Chemistry,” in 
three parts, which originally appeared from 1855 to 1867, and which has 
already gone through several editions. Although Professor Miller was nut 
a member of the Society, he took an active interest in its operations, and 
served on several of its committees. 

The Theories of Fermentation . — In the “Bayerisches Industrie- und Ge- 
■werbo-Bliitt ” (August), Herr Dr. A. Weinberg gives a very c.\haustive paper 
on the above subject. It was originally a lecture before the Chemical 
Society of Munich, and deals as follows with the several investigators 
who deserve to he named in connection with the subject : 1. Those who 
consider fermentation to be a purely chemical process, the result of the 
chemical action of the ferment or yea.st on the sugar; MM. Trommsdorff 
and Meissner are the founders of this theory. 2. Those who consider fer- 
mentation to he a process of galvanic decomposition, called forth by the 
dualism of the exciting body in a conducting fluid ; this theory was founded 
by M. Kiimtz, and among its adherents are MM. Schweigger, Colin, and 
Kolle. 3. Those who consider it as a catalytic process, or as due to the 
action of porous bodies ; this theory was founded by M. Berzelius. 4. Those 
who consider that fermentation is due to the action of certain nitrogenous 
matter, which is itself permanently in a state of decomposition, which is 
imparted to the sugar as soon as it (the sugar) comes into contact with the 
decomposing nitrogenous matter under favourable conditions — the conse- 
quence being the splitting up of the sugar into alcohol and carbonic acid ; 
this view has been e.stablished by Dr. von Liebig, and is adhered to, among 
others, by MM. Frdniy, Lowig, Gerhardt, &c. 6. Lastly, fermentation is 
viewed as being a kind of process of vegetation, the newly-formed yeast 
being considered as the newly-generated plant; this view is held by MM. 
Erzleben, Cagniard-Latour, Schwann, Dumas, Mulder, and others. 

The Manufacture of Iodine, according to Professor Wagner, already 
amounts to 30,000 pounds a year. 

Aiudysis of liinniiiyham If'aier. — Dr. Hill read a paper before the British 
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Aaaociation, which Is reprinted by the “ Food Journal ” for December. The 
revelations then made as to the qualities of the shallow well-waters are 
such ns to shock the feelings of any thoughtful man. The table is too long 
to quote in full, but a few facts from it will suffice. The total solid impuri- 
ties per gallon figure in enormous amounts, such as 25C, 380, and even 507 
grains per gallon ; while the organic contamination runs through a rising 
scale till it reaches the almo.st incredible figure of 4810 graius per gallon, 
in the very water holding 50702 grains of solid matter in each gallon. 

Cotiipotiiion vf the Water of the h'ile. — The water of the Nile has recently 
undergone investigation by IlerrO. Popp (“Annalen der Cheniie,” September^. 
The sample of water taken for analysis was obtained from the middle of the 
river, some six miles below Cairo. Previous to being analysed, the water 
was left standing fur two days, after which time the water was liist filtered ; 
but, even after this operation, it did not become quite clear, and it was found 
necessary, consequently, to leave it standing for some few days longer, when 
it deposited a flocculent sediment, which, on being tested, was found to 
consist of silica, a minute quantity of organic matter, lime, and magnesia 
salts. One litre of the water contains, in grammes weight — carbonic acid, 
0'03140 ; sulphuric acid, O'OOSOO ; silica, 0 02010 ; phosphoric acid, 0 00054 ; 
chlorine, 0 00337; peroxide of iron, 0 00310; lime, 0 02220; magnesia, 
001467; soda, 0 02110; putassa, 0 00408 ; organic matter, 001720; total, 
0'14238 grm. Percentage composition of dry residue — car bonic acid, 22-155 ; 
sulphuric acid, 2 755; silica, 14150; phosphoric acid, 0-370; chlorine, 
2-372; peroxide of iron, 2-227 ; lime, 15 040 ; magnesia, 10-332 ; soda, 14 852; 
potassa, 3-300 ; organic matter and small quantity of ammouiacal salts, 
12-025 ; total, 100187. 

Detection of HuJphur in Coal-Gat. — In a recent number of the “Journal 
fiir Gasbeleuchtung,” Ilerr Ulex gives the following method. I-et a platinum 
basin be filled with half a litre of water, and the basin be heated over a 
Bunsen-bumer until all the liquid has evaporated ; the basin will be found 
to be coated, on the outside, where it has been struck by the llame, with a 
dirty, greasy looking substance, which, on being washed off with pure dis- 
tilled water, and tested, proves to be sulphuric acid. The author further 
points out that the glass chimneys used with Argand gas-burners soon 
become coated over internally with a white substance, which, on being 
washed off with distilled water, will be found to be, on testing, sulphate of 
ammonia. The glass panes of a room wherein gas is burned for a few even- 
ings consecutively will, when rubbed with the fingers of a clean bond, im- 
part to it a substance which, on the hand being rinsed in distilled water, 
will yield a precipitate of sulphate of baryta w-ith chloride of barium, and a 
brick-red precipitate with potaasio-iodide of mercury. 

PoKdtring Camphor. — In the “American Journal of Pharmacy ’’ for No- 
vember, Mr. W. Proctor gives some hints ns to the above. It is w-ell known 
that c.amphor is easily reduced to powder by rubbing with a few drops of 
alcohol, but the powder so made w-ill, after a short time, aggregate to 
crystals, which have to be rubbed dow-n again. The author mixes with the 
powder of camphor so obtained, carbonate of magnesia, 10 grains to the 
ounce being sufficient; this powder never cakes or forms crystals. 

A Sensitive Test for llypoiutphitvi is given by Ur. Buettger in the “ Journal 
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fiir prakt. Clieniie ” (No. 13, 1870). — Disdolve, he *«ys, 1 dedgnn. of very 
pure permanganate of potasea, and 1 grm. of perfectly pure soda (prepared 
from sodium) in half a litre of distilled water ; there is thus obtained a per- 
fectly red-coloured liquid, which, upon the addition even of a very minute 
trace of any hyposulphite, becomes, at once, green. This test, the author 
states, is so delicate, that traces of a hyposulphite present in neutral sul- 
phites may thus be detected. 

Ia>m of Weight in IHatinum Crucibles. — In “ Dingler's Journal" for October, 
which is considerably abstracted in the “ Chemical News,” Dr. F. Stolba is 
stated to have made a number of experiments on this subject, the results 
being that the rougher and more unpolished the surfaces of platinum 
crucibles are, the more readily they are acted upon by the flame of well- 
made Bunsen-bumers, because the rough unpolished surface promotes the 
formation of a com|iound of carbon and platinum, which is partly consumed 
by the flame, partly mechanically carried upwards in the hot current of air, 
after having been detached froru the cnicible. The author found, by ex- 
periment, that, when a good platinum crucible was heated for twelve hours 
continually, it lost 0 010 grm. in weight, and its surface appeared as if 
etched, or as tlie well-known moire mitnllique. This loss and alteration are 
not due to the presence and subsequent elimination of osmium, because the 
loss is greater of the crucible than the quantity of osmium contained in 
crude platinum. The brighter and more polished the surface of platinum 
crucibles and other platinum vessels e.xposed to ignition is kept, the better 
they will resist the deleterious action of the flame. 

What is Ccollpa t — By this name Herr Schickendantz understands (says 
the ‘‘Chemical News”) a saline efflorescence, not unfrequently met with in 
certain parts of the slopes and along the rivers originating in the Cordilleras 
de los Andes. The author gives (“ Annalen der Chemie,” Sept.) at great 
length, details of the analysis of several samples of this substance, which, 
setting aside impurities present only in small quantity, consists, in 100 parts, 
of — soda, 4.‘)-21 ; carbonic acid, 28 09; water, 25-70; agreeing nearly with 
the formula Na,CjOj + 2H,0. Another sample con.sisted mainly of — water, 
35’28; soda, .38 28; carbonic acid, 20-44; nearly agreeing with the formula 
Na,C,Oj + 3H,,0. The author resides at I’ilciao, province of Catamarca, 
Argentine Bepublic. 

Injhtence of Light on Petroleum. — According to the researches of M. Gro- 
towski (published in a recent number of the journal which the siege of Paris 
has cut oil' from us, “ Cosmos ”), when the petroleum oils are exposed to the 
solar light under certain conditions, they absorb a certain quantity of 
oxygen, and convert it into ozone in a similar manner to whst has been 
obsened in connection with other hydro-carbons. The oxygen does not 
seem to combine with the oil, but reacts energetically as an oxidizer upon 
substances with which it is brought in contact, thus the cork of the vessels 
in which it is contained is generally acted upon to some considerable extent. 
.\fter the action of the ozone, the oil boils with difticulty. The colour of 
the vessels in which the oil is placed has a great deal to do with the absorp- 
tion of the oxygen. 

What isthe Actire Principle of Picinus Seeds f — Herr E. Werner has taken 
up this subject since Dr. T uson’s papei-s have been published, and after referring 
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at length to Dr. Tuson’s researches, he describes a series of experiments, 
chiefly made with the view to obtain, from the ricinus seeds, an active 
principle suitable for medicinal use. As regards the ricinine of Dr. Tuson, 
prepared by the author in large quantity and according to Dr. Tuson’s 
directions, it is stated that ricinine is not an alkaloid, and, moreover, a sub- 
stance which contains a considerable quantity of ash ; and the author, after 
carefully made analysis, comes to the conclusion that Dr. Tuson’s ricinine is 
a compound of magnesia and of an organic acid, the formula of this body 
being C,,H^O,j,Mg, + OHjO. This abstract has been published in the 
valnable collection of the “ Chemical News.” It appeared originally in the 
“ 1‘harm. Zeitsebrift fur Russland,” No. 2, 1870. 

Bromine m Large Quantitiee. — The “ Boston Journal of Chemistry ” for 
November gives us some facts of interest. The writer says that five years ago 
Bromine was sold in this country and in Europe as high as eight dollars a 
pound ; now the price is less than a dollar and a half the pound, and the con- 
sumption has increased in a thousand-fold ratio. It says : “As a manufacturer 
of chemical substances, we did not have occasion to purchase for manufactur- 
ing purposes twenty pounds a year until after 1805, when a great demand 
sprang up for the bromides of potassium, sodium, and ammonium. Some idea 
of the increase in consumption may be formed from the statement that we 
have ordered of the salt-makers in Pennsylvania quantities as large as five 
thousand pounds, or two and a half tom, at one time, during the past year. 
Our bromine supply formerly came from German)-, the Stassfurt salt-mines 
furnishing it in considerable quantities after they were opened ; but now our 
own strong salines in Pennsylvania, Ohio, and West Virginia produce it in 
Amounts fully equal to the demand.” 

The Excreinentt of Egyptian Bate. — Ilerr 0. Popp has published a 
curious paper, which is also reported by the “ Chemical News.” After refer- 
ring to the curious fact that Egypt, owing to its very clear sky at nights, 
and its sub-tropical climate, is especially suited for bats, of which no less 
than eight different genera are found there, the author proceeds to detail 
the methods of analysis at length ; the result of the composition of the ex- 
crements, in 100 parts, being: urea, 77-80; uric acid, 1-26; kreatine, 2-55 ; 
phosphate of soda ( 2 NaO,HO,P 05 ), 13-45 ; water driven off at 100°, 3-CO; 
substances insoluble in water, 0-676 ; total, 09-285. In a foot-note to this 
paper. Dr. F. Wohler states that very recently the excrements of bats from 
Egypt have become an article of trade, as a sort of guano for manure pur- 
poses. 

Hater in Edinburgh. — Upon this subject Dr. Alexander Wood reports as 
follows : — “ I. That the lleriot, theTalla, and St.Mary's Loch all afford water 
of a quality suitable for all the purposes for which it is required in a town. 

2. That the lleriot is a better water for general domestic use than the Talla. 

3. That the spring water of the lleriot and the Talla is superior to the lake 
water of St Mary's. 4. That the construction of the necessary ponds for 
storing the produce of these springs would go far to deprive them of any 
superiority which they at present possess, and would certainly render the 
water supplied from such ponds inferior in some respects to that obmined 
from the natural lake. 6. That the analysis of the water of St Mary’s Loch 
shows it to contain a sufficient quantity of the salts of lime to remove all 
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fear of the danger suggested in the letter of ‘ A Physici.^, especially when 
the copiousness of the supply of these salts from other sources is considered. 
0. That, under these circumstances, it appears to me that the water pro- 
curable from any one of the three sources of supply being suitable, the 
trustees should be guided in the selection by the questions of quantity, en- 
gineering difficulties, and comparative expense, and not by the opinion of 
any physician. 7, That the present supply of water in Edinburgh is mani- 
festly insufficient, and that the poorer classes especially are not receiving 
enough to maintain them in a healthy state. 8. That should any epidemic 
disease appear among us, they will be less able on this account to resist 
contigion, or to bear up against disease if attacked.” 

JJeriialii’ei of Anthracene . — The meeting of the Chemical Society on 
December 1 was altogether taken up by Air. Perkin, F.R.S., who read a 
very lengthy and important paper on the above subject. It is very long and 
impossible to abstract. It was a detailed account of some of the Anthracene 
derivatives, more particularly of the products resulting from the action of 
sulphuric acid on Dibrom- and Dicbloranthracene. It is fully reported in the 
“ Chemical News” of December 9. 

Chemical Chairs. Ajipointmenis . — The chair of St. Bartholomew's, vacant 
by the decease of Dr. Alattbiessen, has just been given to Dr. Russell, lec- 
turer on chemistry in St. Mary's Hospital. The chair at King’s College, 
vacant by the death of Dr. Miller, has been awarded to Dr. Blo.vam, who 
formerly held the chair of practical chemistry in the same schooL 



GEOLOGY AND PALAEONTOLOGY. 

Beds of Boff-Iron . — At the meeting of the American Association, Pro- 
fessor A. Winchell presented a brief note on the above subject It related 
to the occurrence of euormous buds of bog-iron in the upper peninsula of 
Alichigon, on the tributaries of the Monistique river. It occurs in a half 
de.siccated bog covering several townships. It is of remarkable purity, and 
of great but unknown depth. It lies directly in the track of the projected 
railroad, intended to connect the North Pacific Railroad with the railroad 
system of Michigan. The ore can be floated down the Monistique and its 
tributaries, to Lake Alichigan, in the immediate vicinity of an excellent 
harbour. This immense deposit is undoubtedly derived from the disinte- 
gration of the hmmatites and magnetites of the contiguous region on the 
AVost. The ore will possess great value for mixing with the other Lake 
Superior ores. 

Geology and Agrictdlure . — Owing to the Agricultural Society having 
obtained the services of Mr. Jenkins, its Reports have been more scientific 
than they were, and this is a circumstance that the Society is to be con- 
gratulated upon. In the last number of the “Journal of the Royal Agri- 
cultural Society ” [1670, 2nd series] there is a Report on the Farming of 
Alonmouthshire, by Mr. W. Fothergill, which contains a small geological 
map of the county, and also an account of the soils found upon each forma- 
tion. The Devonian rocks furnish a great variety of soils. There is a deep 
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loam especiiilly favourable to the oak and tbe apple ; the con pi omc rates 
furnish soils well suited for roots and barley ; on the clay a strung w'heat- 
soil is formed, whilst tbe slaty or shaly beds are best adapted for woodland. 
The mountain limestone soil produces good pasture for the native sheep and 
cattle. Tbe millstone grit appears adapted for sheep-walks only. It has 
been stated, says Mr. Fothergill, that the worst land in England lies upon 
the ci^al-nieasures; and certainly, at its best, it is but hungry soil; however, 
by draining and lining, it may be rendered in a measure productive. The 
new red sandstone is of well-known and marked fertility, producing in rich 
abundance every kind of crop. The lias furnishes a cold, wet, tenacious clay 
or clayey loam. When pervious it is found fit for cultivation, and grows 
good wheat and tares. The a'luvium gives great variety of soil, both in 
appearance and in productiveness ; and this arises partly from deficient 
drainage, partly from the character of the subsoil, and sometimes from tbe 
elevation. 

The Jiira$»ic of France and the Oolitic of Enylrntd . — The relation of these 
two systems in two distinct countries has been well traced by Dr. Thomas 
Wright, who shows that there is a wonderful correspondence between them. 
The subject is noticed at some length in the ‘'Geological Magazine.” Tbe 
localities taken ore the Jurassic department of tbe Cote-d’Or of France and 
the Oolitic of Gloucester and Wilts, England. 

The Former Fvietence of Local Glaciers in the imte Mountains of 
America. — At the meeting of the American Association for the Advance- 
ment of Science, held in the autumn, a very interesting paper by Professor 
Agassiz was read by Mr. J. Perry on the above subject. The author con- 
siders that twenty-three years ago, when he first visited the W'hite Moun- 
tains, he discovered immistakeable evidence of the former existence of 
glaciers. His paper is published in the “American Naturalist,” and deals at 
considerable length with the subject. 

Indisjmsition of Sir R. Murchison . — There are very few scientific men, 
whether geologists or not, who will not hear with regret of the serious 
indisposition of Sir Roderick Murchison. His age indeed is ripe, but his 
energies are active ; and hence his loss to British geology would not be one 
whit worse than his loss to the geologists of the British Isles. 

The Carboniferous Flora of Bear Island . — On November 9 a paper by 
Professor Oswald Ileer was read before the Geological Society “ On the Car- 
boniferous Flora of Bear Island ” [lat. 74® 30' N]. The author described the 
sequence of the strata supposed to belong to the carboniferous and Devonian 
series in Bear Island, and indicated that the plant-bearing beds occurred 
immediately below those which, from their fossil contents, were to be referred 
to the mountain limestone. He enumerated eighteen species of plants, 
and stated that these indicated a close approximation of the flora to those 
of Tallowbridge and Kiltorkan in Ireland, the Grcywacke of the Vosges and 
the southern Black Forest, and the FeraeiuViV-shales of Aix and St. John’s, 
New Brunswick. These concordant floras he considered to mark a peculiar 
set of beds, which he proposed to denominate the “ Ursa-stage.” The author 
remarked that the flora of Bear Island has nothing to do with any Devonian 
flora. The paper gave rise to considerable discussion. 

North of England and South of Scotland Silurians. — Dr. W. A. Nichobon 
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read a paper on the above before the Edinburgh Geological Society on 
November 17. lie pointed out the teeemblancea which he thought might 
be laid down between the above and the riluriana of the North of England, 
lie drew attention to the fact that the Wrae limeatone of Peebleaahire might 
very posaibly bo the equivalent of the Bala limeatone of Wales, and the 
Coniston limestone of Cumberland and Westmoreland ; and that this would 
considerably simplify the elucidation of the Scotch Silurians. lie showed, 
however, that much work must yet be done before it would be possible to 
speak with any certainty ns to the correlation of these ancient deposits. 

Ancient J-Mrthqnnho . — In the “Geological Magazine" for December, Mr. 
J. I’restwich, the President of the Geological Society of London, gives a 
curious record of the above, collected from the writings of his relatives. 
According to this record, the earthquakes were distributed as under by 
centurle') and seasons. 
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This shows a great prevalence of earthquakes in the 12th century, a 
gradual decrease in numbers to the liith, and then a gradual increase to the 
18lh century. Tliey seem also to have been more numerous in winter and 
spring than in summer and autumn. The months, however, in many cases 
are not recorded, and no doubt the general record is confined to the more 
important and noticeable catastrophes. 

Mnlilerranean OotUigy. — .Mr. G. Man, in the last number of the “ Geolo- 
gical Magazine ” under the title of “ Notes on the Mediterranean,” gives a 
great deal of interesting information. Among other points he refers to the 
well known Temple of Serapis. This, he says, giving evidence of sub- 
mergence and re-elevation within known heights and certain limitations of 
historic time, suggests a comparison with other evidences of similar eleva- 
tion ; and he would remark that Lyell’s estimate of the amount of emer- 
gence of the shell-bored columns on the Italian coast agrees almost exactly 
with the amount of elevation in other distant parts, implied by the raised 
gravel ridge on the Corsican mar.shes, the great plain of shingle at the 
Kbone delta, and the lagoons of the south-westeni Mediterranean French 
const. Furthermore, Mr. Gwyn Jeffreys informs him that a recent marine 
deposit, containing Galeomma Turtoni and other shells of species now 
living in the adjacent parts of the Mediterranean, occurs at Antibes at a 
similar height, viz. 25 feet, above the sea-level; and Mr. James Smith 
attributes the sandy plain immediately to the north of Gibraltar to a 
period of stationary level with a littoral zone exactly 24 feet above the 
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pre*ent level of the sea. The close coincidence in height is remarkable, 
and if these elevations at such distant points were contemporary, it implies 
a uniform amount of oscillation over a very large proportion of the Medi- 
terranean area. The raised coast deposits at Tangier and Cadiz may have 
been connected with an independent oscillation of greater antiquity than 
the 25 feet rise, but yet more recent than that which submerged and re- 
elevated Gibraltar at least 700 feet. 

British Fossil Crustacea. — Mr. II. Woodward, we are glad to see, con- 
tinues his account of British Fossil Crustacea. In his fourth Report to the 
British Association, he described, among other Crustacea, two species be- 
longing to the genus Cyclus, one of which still remains unique. Since that 
date, he has, by the kindness of Professor T. Rupert Jones, F.G.S., received 
a number of specimens of this genus, collected by Professor Ilarkness, 
F.R.S. : Mr. Joseph Wright, of &lfast; and Mr. J. II. Burrow, of Settle, 
Yorkshire; from the carboniferous limestone, which he describes partly 
in the last number of the “ Geological Magazine ” and figures in an interesting 
plate accompanying his paper. 

The Motum of a Glacier. — This important question lies for discussion 
between Canon Moseley and Mr. Croll, F.R.S.E. Mr. Croll has communi- 
cated some remarks on the subject to the “ Philosophical Magazine ” for 
September. To him there seems to be but one explanation of glacier 
movement, namely, that the motion of the glacier is molecular. Ilis con- 
cluding remarks are as follows : — The ice descends molecule by molecule. 
The ice of a glacier is in the hard, crystalline state, but it does not descend 
in this state. Gravitation is a constantly acting force ; if a particle of the 
ice lose its shearing-force, though but for the moment, it will descend by 
its weight alone. But a particle of the ice will lose its shearing-force for a 
moment if the particle loses its crystalline state for the moment. The 
passage of heat through ice, whether by conduction or by radiation, in all 
probability is a molecular process — that is, the form of energy termed heat 
is transmitted from molecule to molecule of the ice. But at the moment 
that it is in possession of the passing energy, is the molecule in the crystal- 
line or icy state ? If we assume that it is not, but that in becoming 
possessed of the energy it loses its crystalline form, and for the moment 
becomes water, all our difficulties regarding the cause of the motion of 
glaciers are removed. We know that the ice of a glacier, in the mass, 
cannot become possessed of energy in the form of heat without becoming 
fluid ; may not the same thing hold true of the ice-particle ? 

Sir B. Murchison's Report on the Geoloyical Surrey and the Mttsrum of Prac- 
tical Geology. — This has been published, and will interest the geologist who 
is desirous of knowing what work the year 1809 has shown in these respects. 
A total area 2,0-34J square miles was surveyed during the year. This was 
in England. In Scotland, Mr. A. Geikie reports 111 square miles as being 
shown. In Ireland 707 square miles have been surveyed. In regard to the 
museum Profe.ssor Huxley reports several valuable additions which have 
been made during the year. The maps, mining office, and laboratory, are 
also most favourably reported upon. 

Mr. Forbes' Lecture on Volcanoes. — In the “ Geological Magazine ” for 
November, Mr. D. Forbes, F.R.S., replies to the remarks of Mr. Poulett 
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Scrope who, in an earlier number commented on his (Mr. Forbes’) lecture on 
volcanoes. Mr. Scrope for the most part agrees with Mr. Forbes, ao the 
dilTerence is not great. But on the subject of the formation of volcanic 
sand, of the effect of water on molten lava, and some other points, Mr. Forbes 
here justifies himself fully. 



MECI1.\XIC.\L SCIENCE. 

Pnevmatic Trammissian . — A very interesting theoretical paper, on 
systems of pneumatic transmis.«ion for passengers and parcels, was read by 
Mr. Robert Sabine at the last meeting of the British Association. Tlie 
results of Mr. Sabine's examination of the conditions of working of such a 
system may be stated to be : — That small pneumatic tubes may be worked 
more profitably than large ones. For small letter-carrying tubes, and for 
somewhat larger tubes for the transmi.ssion of metropolitan letters to branch 
post-offices, he thinks they will undoubtedly work satisfactorily. Large 
tubes of moderate length — for instance for the transport of light goods 
between different parts of a factory — might be found useful. But he does 
not believe that a pneumatic line working through a long tunnel could, for 
passenger traffic, compete, in point of economy, with locomotive railways. 
In a pneumatic tunnel such as that propo.sed between England and France, 
he estimates that in moving a goods train of 250 tons, at twenty-five miles 
per hour, the mere friction of the air on the walls of the tunnel would 
amount to 93 per cent, of the whole resistance, and the work usefully 
expended in moving the train would be only per cent, of the whole 
power employed. To propel such a train engines of 2,000 horse power 
would have to he employed at each end, even supposing the blowing 
machinery to act with greater efficiency than has yet been attained. He 
looks to the completion of the Pneumatic Company’s works in London and 
of the pneumatic passenger railway in New York to settle the question of 
the availability of the system for such purposes. The paper will be found 
in Engineering for September 23. 

The Stahility of Ships . — The controversy which has followed the cata- 
strophe to the Captain has led to a re-examination of the stahility of some 
of the ships in the Navy. The Monarch has proved to have ample stability 
for safety, even at light draught. But when quite light it will contribute 
to her comfort and steadiness, in Mr. Reed's opinion, to admit water ballast 
into a few of her lower compartments. Provision for effecting this was 
made in her construction. In the four ships of the Vanguard class, Mr. 
Reed believes it will be advantageous to supply them with a certain amount 
of permanent ballast, and for that purpose a layer of iron concrete on the 
bottom is proposed. The need of this ballast arises from the fact that, 
through improvements in the constniction, the hulls of these ships are 
really lighter than was anticipated, and they float some inches higher than 
they would have done if these improvements had not been accomplished. 
Thus the expensive wrought-iron work which on the ordinary system of 
construction would have been distributed through the huU, will be replaced 
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by a small amount of cheap concrete placed exactly where it will be most 
eflective in steadying the ship. 

lf'roiuff4l-Iron and l^eel Gum . — It is stated that in a recent competitive 
trial between an Armstrong wrought-iron and a Krupp steel gun, the latter 
h.as proved to have the greater endurance. After 121 rounds the Armstrong 
gun split, and was so severely damaged as to be unfit for further service. 
The steel gun remains in good condition after 210 rounds. 

Indian itaiheay Gauge . — controversy is going on as to the gauge to 
be adopted fur the extension of the Indian railway system. A joint report 
by Messrs. Stracbey, Dickens, and Rendel, and a separate report by Mr. 
Fowler, have been presented to the Indian Government. In the former a 
gauge of 2 feet 0 inches is recommended, in the latter a gauge of 8 feet 
0 inches. 

Indian Civil Engineering College. — The difficulty which has attended the 
system of obtaining young civil engineers for service in the Public Works 
Department, by competitive examination, has led the Indian Government 
to establish a college at Cooper's Hill, Surrey, for training its civil 
engineer officers. Candidates will be admitted to the college by examina- 
tion. The college course is to extend over three years, with the exception 
that candidates having more than usual proficiency may shorten the period. 
Two terms at least of the third year will be passed by the student under a 
civil or mechanical engineer. It is to be hoped that this attempt at a 
thorough and systematic system of technical education for engineers may 
prove a great success. The old apprentice^ip system practised in this 
country, without the supplement of systematic theoretical instruction, does 
not correspond to the needs of the time. 

Technical Educatioit on the Continent . — The Institute of Civil Engineers 
have published a remarkable pamphlet, containing the result of an inquiry 
into the condition of engineering education abroad. 

Archee of Timber and Iron. — A very interesting paper on this subject 
by a foreign engineer, M. Gaudard, has been read before the Institute of 
Civil Engineers. M. Gaudard explains, amongst others, M. Bresse’s method 
of estimating the stress in irou arches, and a method of M. Durand Claye of 
comparing the boldness of different arches, which will be new to most 
English readers. 

Metaline Bearingt. — Some new materials for forming the bearings of 
machinery have been introduced by Dr. Gwynn of New York under this 
name, the idea being to obtain sufficient solidity in the material for the 
bearing to retain its form, and sufficient plasticity to reduce the friction. 
For example, very fine powder of iron and of tin are intimately nungled by 
grinding, and then compressed by hydraulic pressure ; or solder b reduced 
to a semi-fluid condition by heat and mixed with powdered graphite, and 
then consolidated by pressure. 

WrougM-Iron Bridges. — We may direct attention to a remarkably in- 
teresting appendix to the last volume of the Transactions of the Institute 
of Civil Engineers, consisting of a paper by Mr. Calcott Reilly on wrought- 
iron bridges. Mr. ReiUy gives in detail all the calculations made during 
the actual process of designing two well-considered iron bridges. It b 
not often that the actual process of designing is so fully laid bare by a very 

VOL. X. — NO. JlXXVIII. H 



* 



Digitized by Google 




98 



POPDLAn SCIENCE RETIEW. 



competent engineer for the instruction of others ; nnd in regard to riveted 
joints, which are often very carelessly arranged, Mr. Reuly proceeds on 
principles not only original and sound, but in advance of current practice. 



MEDICAL. 

The Sphygmograph invented by Galdeo. — It would seem from a letter of 
Mr. Charles Williams, in the “ Lancet ’’ of November 20, that Galileo really 
devised an apparatus for estimating the velocity of the pulse. Whether his 
instrument and the present one are the same is a question, but there can be 
no doubt that a sphygmograph of some kind or other was devised by 
Galileo. 

Photography in Medicine. — From the 8.amo number of the “ I.Ancet ” we 
learn of the establishment in America of a “ Photographic Review of Medi- 
cine and Surgery.” It is to be published once every second month. It 
contains four photographic plates. 

Subitittition of Satie in the Bonee. — The “ Lancet ” of December 1 records 
some experiments that have been made in the course of the past year by M. 
Papillon, and which are recorded in the “ Comptes Rendus.” In one of 
these a yoimg pigeon was dieted on distilled water to which hydrocblorate, 
carbonate, sulphate, and nitrate of potash were added, and with grain made 
into a paste with strontia. The bird remained in perfect health for nearly 
eight months, when it was killed, and an analysis made of its bones, with 
the following results : in 100 parts there were of lime 46‘75, of strontia 
8’4fi, of phosphoric acid 41-80, and of phosphate of nuignesia 1-80; residue, 
1-10. In a second experiment a white rat ten days old was subjected to a 
similar regimen, except that phosphate of alumina was substituted for the 
strontia given to the pigeon in the proportion of about a grain and a half per 
diem. The animal remained to all appearance in good health for about rix 
weeks, when it died suddenly in convulsions. An autopsy showed the 
presence of intense enteritis. Analysis of the bones showed that in 100 
parts there were of alum 6-06, and of lime 41-10 parts. Another animal of 
the same litter was supplied with phosphate of magnesia instead of phos- 
phate of alumina, and was killed at the same time. Analysis of its bones 
showed the presence of magnesia in the following proportions in 100 parts : 
magnesia 3-66, lime 4616. In all the animals the appearance presented by 
the bones was natural, and they seemed to possess their ordinary physio- 
logical peculiarities. 

Detecting the Blood of Animats . — It would seem that the questionable 
discovery of Ilerr Neumann has received confirmation by Dr. Day, of 
Geelong Institute, viz. that the picture or net-work formed by human blood 
can be distinguished under the microscope from that which is formed by the 
blood of other animals. He says ho has repeated the experiment, which is 
‘‘ wonderfully simple,” almost every day for the last two months, with in- 
variable success. A small drop, not a mere speck, of the blood is to be 
placed on a microscope-slide, and carefully watched, at a temperature of 10° 
or 12° Reaumur (=•'54-2° to 60° Fnhr.), until the picture or net-work formed 
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by its coagulation is developed. Human blood speedily breaks up into a 
“ small-pattern ” net-work ; the blood of other animals (calves, pigs, etc.) 
takes a longer time, and makes a large pattern ; but the blood of every 
animal seems to form a characteristic “ picture.” Dr. Day has examined 
the blood of calves, pigs, sheep, rabbits, ducks, hens, several kinds of fishes, 
etc., as well ns that of man, and has found the results to be trustworthy and 
constant. 

A Medical College for TFomen has, according to the “ New York Medical 
Journal” for November, been organised in Chicago, IlL, with a faculty of 
no less than fifteen professors. We pity the girls if they are expected to 
undergo the infliction of a full course of lectures from each of the fifteen. 
Our Chicago brethren must have singular ideas about the meaning of titles, 
for one of the incumbents is announced as “ Frofessor Emeriliu ” — and this 
in an institution that as yet has no existence. 

Food for Troopt. — Dr. Dingier gives an accoimt of a new Prussian method. 
It appears that a Berlin cook, named Grunberg, has recently discovered a 
process by which a preparation of peas may be made so as to keep without 
becoming sour, and the Prussian Government has bought the secret of this 
process from the inventor, for a sum of 6,5551. The Prussian War Office 
has created an establishment, at Berlin, capable of producing daily 76,000 
sausages made of this preparation, which consists of a mixture of bacon, 
peculiarly prepared pea flour, onions, and other ingredients, inclusive of salt. 
The sausages are sent away packed in boxes containing from 100 to 600, 
weighing 1 lb. each, which are destined as food for the armies, and only 
requiring to bo boiled in water for a very short time to be ready for the use 
of the soldiers. The daily ration of each is 1 lb., a quantity quite suffi- 
cient for each man. This establishment, only working for the armies, costs 
daily about 6,000/, 

Eedaliornt of Cotuctoiuneu and Seat of Smeation . — A very able paper is pub- 
ished on this subject in the November number of the “Journal of Anatomy ” 
by Dr. Cleland, of Queen’s College, Galway. We can only give the follow- 
ing abstract, and hope the subject will be intelligible to our medical readers. 
(1) The irritation of a nerve of common sensation throws the nerve into 
the impressed condition, and as soon as that condition is continued to the 
brain, the mind recognises the irritation at the site where it is applied, in 
the form of sense of touch, temperature, or pain, according to its character. 
Over-intensity of the impressed condition may also itself be recognised in the 
form of pain. (2) Nerves of special sense differ from those of common 
sensation both in the circumstance that the apparatus at their extremities 
is affected by irritations of a different kind from those which affect other 
nerves, and in their irritation being recognised in the form of the special 
sense to which they are devoted. (3) By the impressed condition continued 
from the brain to the distribution of a motor nerve not only is a stimulus 
communicated to the muscles and applied to the nerve, but muscular sense 
is given ; and, the consciousness being brought into direct communication 
with the part, the will is enabled to regulate the position of the part and 
the degree of muscular energy with which it is maintained. But a motor 
nerve differs from sensory nerves of all sorts in the .act that irritation of it 
does not produce any sensation either of the character of common sensation 
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or speciol sense ; and in this respect it is like the proper fibres of the spinal 
cord and brain. 

A Woman Kith Four Breadt.—X primiparous woman was admitted under 
M. I.«rain, and was delivered next day of a dead premature child. She 
was found to have four breasts, two in the normal position and with the 
nonnal puerperal appearances, and two which, from their position, might be 
called a.xillary, and attaining the size of a small omage.—Jiei-uephotoffraphigue 
lies Hopitaux. 

Permanfftmaie of Fotast in Coryza . — We desire to call attention to the use 
of permanganate of potassa in very dilute solution (0'18 grms.=l’G7 grains 
to 00 grms. or c.c.=to about 2 fiuid ounces) against coryza, cold in the 
head, attended with severe sneezing. Of the permanganate solution, some 
twenty to sixty drops are poured into a tumblerful of water, and of this 
liquid every two hours a quantity of a tablcspoonful is snuffed up the 
nostrils ; and if there be any soreness of the throat, the same liquid is applied 
ns a gargle. Dr. Franck, of Munich, states that he has prescribed this 
mode of treatment now for some years, and found it very efficient, by curing 
the complaint in about from two to four days. 

Shin Grafting. — This remedy now appears quite successful. The “ Medical 
Press ” of November .‘50 says that Mr. Pollock exhibited to the Clinical 
Society several cases of the operation devised by M. Riverdin, of Paris, in 
1809. A girl, aged eight, had been in St. George's Hospital with an ulcer- 
ated surface from buttock to knee, which had existed for two years. Mr. 
Pollock first transplanted two small pieces of skin, about the size of millet 
seeds, taken from the lower part of the abdomen. Fourteen pieces in all 
were transplanted at various periods. The burn was nearly healed in five 
months, without any perceptible contraction of the cicatrix. Mr. Pollock- 
transplants usually very small pieces, and takes care that the granulations 
are healthy where he in-serts them. Mr. Lawson showed a patient in whom 
a large ulcer in the leg had resisted all treatment for four years, and was 
completely cured in four weeks after a piece of skin, the size of a fourpenny- 
liicce, had been planted on it. As soon as the new skin had cstablishetl 
its vitality, granulations sprang from the circumference, and rapidly closed 
in the wound. Tlie granulations should be healthy, no fat transplanted, 
but only skin, which must bo accurately applied to the granulating surface. 
The new skin is kept in position without interruption, and lightly covered 
with a layer of lint, over which is a small compress of cotton wool and a 
bandage, for the purpose of keeping it warm until it grows on to the part. 

The IndiuH Medical Service. — AVe regret to state that there will be no 
February examination this year. 

I'l-ea formed in the Liver. — According to a note in the “ New York 
Medical Journal” for November, the latest researches upon the place of 
origin of ure.a, and especially the beautiful experiments of M. QnJhant, 
have demonstrated that the kidneys are by no means secretory, but purely 
excretory, organs for urea. Dr. Cyon, in the last number of the “Central- 
blatt,” publislies a few facts in the form of a provisional communication, to 
.siiow that it is probably produced at the liver. The plan of experimentation 
adopted (in common with M. Istomin) was as follows : The whole of the 
blo(^ was abstracted from the carotid of a dog, and a portion, after being 
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deGbriuated, was transmitted by means of mercurial pressure through Iho 
liver. Coincidently tliree canulie wore introduced — one into the inferior 
vena cava, the second into the hepatic artery, and the third into the vena 
porta. The results of careful analysis showed that the blood which had 
passed through the liver contained a much larger proportion of urea than 
ordinary arterial blood. In one e.\periment 100 c. c. of the arterial blood 
when delibrinated contained 0 08 grammes of urea ; but, after having been 
passed four times through the liver, the same quantity contained 0-170 
grammes. 

Datntetion nf Tumours htj InJatimj Chromic Acid . — Chromic acid has 
not been much employed liere. In .Vmerica, however, it has been used 
with advantage. In a late number of the “ Philadelphia Medical and Sur- 
gical Ileporter,” Dr. Daniel Leasure, of Alleghany City, gives an account of 
a tumour of the neck (probably malignant) treated by the injection of 
chromic acid. It was situated on the right side, one inch and a half by 
two inches and a half longest diameter. On September 17, 1800, it was 
injected by a hypodermic syringe with sbety drops of a solution of chromic 
acid, 100 grains to the ounce of water. On the day following, and on the 
third day, it was injected ns before. No serious irritation. On Sept. 30 
repeated, the tumour softening. Oct. 17, the same. Nov. 15, the tumour 
had collapsed. An opening formed, and matter was discharged. Poulticed, 
and on Nov. 20, reported well. There was a small cicatri.v, three lines in 
diameter, at the sent of the late opening, vyhich so closely resembled in 
colour tho sun'ounding skin ns to be scarcely noticed. In June 1870 no 
sign of retuni. Two other similar cases treated with like success. The use 
of chromic acid in this manner is new. 

Poitonotu Snuff. — We understand that Dr. Uarrod lately lectured at 
King's College on a case of lead-poisoning, in which the mineral was taken 
in snufi'. It was rappee that tho patient habitually took, and the damp 
snufT, packed iu the usual lend coses, converted some into carbonate. The 
symptoms were serious, and with difficulty traced to their real source. 
Then several packages were purchased, and found to be contaminated with 
the poison. 

The Late Dr. Itobert Kno.r. — Wo learn, from the “ Medical Press ” of 
Dec. 7, that Dr. Lonsdale has just brought out a life of Robert Knox, the 
once famous lecturer on anatomy, of Eldinburgh. From this interesting 
biography it seems that the terrible affair of Diirko and Haro in 1828 
proved the ruin of this distinguished teacher's fame in Edinburgh, and 
that he died comparatively unknown and poor in Hackney parish, London. 
One of his last works, which has been much admired by some, is the “ Races 
of Man.” 

The Conducting Ihncer of the A’ercet . — In the “ Lancet,” Dec. 17, are re- 
corded some fresh investigations upon this point, by MM. Place and Helm- 
holtz. M. Place adopted the same method as that formerly suggested by 
Helmholtz. The cylinder employed for registration was that constructed 
by Ileynsius for tho Leyden physiological laboratory, and was carefully 
planted in such a manner as to avoid accidental vibration. Tho measure- 
ment of the time was estimated by a coincident tracing from a vibrating 
tuning-fork. The median ncr^e was irritated first where it runs iu the 
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bicipital gnwve, and afterwards nt the wrist, where it runs ou the ulnar side 
of the uuiseulus Ilexor carpi rodialis, the distance of the electrodes being 
about 300 inillimetres, or above one foot. The muscular contractions pro- 
duced were strong, a more powerful current being required for the excita- 
tion of the nerve above where it lies deepest. In order to obtain trust- 
worthy results, one or two minutes were allowed to pass between each 
experiment. The best observations gave a result of from 50 to 00 metres per 
second as the rapidity of propagation of motor impulses, with a mean of 
5.3 metres {kt second. This differs considerably from the estimation of 
Helmholtz, who estimates it at only 33 metres per second. The point of 
excitation in Helmholtz's experiments was somewhat higher than in those 
of M. Place; and when Helmholtz's point was taken, a number (.'J5’25 
metres jier second) not verj' different from his was obtained. Further 
investigations showed the general truth of Munk's observation, that the 
rapidity of propagation of impulses was much greater in the peripheral than 
in the central portions of a nerve. Helmholtz's observations were carried on 
with a new instrument, of which the idea was sug^gested by Fick. He 
found that variations in temperature exert an important influence on the 
rapidity of propagation of motor impulses, the rapidity being much greater 
in warm than in cold temperatures. He found also that when two induc- 
tion-currents are passed through, an interval of at least l-500th of a second 
must elapse between them in order that the second stroke should produce 
an augmentation of the muscular contraction. If the period be less than 
this, the two act as a single shock ; with an interval of l-.300th of a second 
the augmentation is veiy perceptible. Constant currents readily produce 
tetanus, especially when passed in a downward direction. Oscillations arc 
felt in the muscle, tlie duration of which amomits to 0 00 of a second. 



MET.M.LUUGV, MIXEU.VLOGV, AXl) MINING. 

“ Miiieniloyical Aolicen” was the title of a paper rend before the Koyal 
Society on November 17, by Professor Maskeyne and Dr. Flight. It deals 
with several minerals, and we may mention a few of them. The lirst i.s 
“ On the Formation of Basic Cupric .Sulphate.” In 1807 M. Pisani described 
a mineral which he supposed to be the Woodwardite of Mr. Church. The 
substance, however, is not the latter mineral. It had previously been ex- 
amined in the laboratory of the British Museum, and the results sufliciently 
tallied with those of M. Pisani to identify the mineral. It can be divided 
into an inner layer and an outer crust, of which the contents were given. 
2. An opal from the NVaddela Plain, Abyasinia. 5Ir. Markham presented to 
the British Museum some remarkable specimens of green opal from the 
above locality. An analysis is given of it. Next follow FrmikoUte from 
Cornwall ; Fpidulc and Serpentine from Iona ; Cronstedlite, Pholerile, and 
others. The paper is reported in the “ Chemical News ” of November 25. 

Steel Bails . — There are in the United States, says the ‘‘Philadelphia 
Ledger,” 46,000 miles of railway which it is necessary to re-lay with steel 
rails. It takes 100 tons of rail to lay a mile of road. The estimation of 
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200,000 tons would only re-lay 200 miles annually. If steel rails were ad- 
mitted free, their consumption in America would be enormous, and the 
advantage to railway companies correspondingly great. 

The Chemical Xature of Cast Iron . — The committee appointed in 1809 
have reported that they have made very little progress. They promise a 
good report for the nest year. Those on the committee were Mr. David 
Forbes and Messrs. Abel and Matthiessen, The latter is unfortunately dead 
since. 

South African Viamonds continue to arrive, and some of them are ex- 
tremely fine. The subject was discussed in a paper read by Professor Ten- 
nant before the Society of Arts on November 23. The paper appears with a 
woodcut in the “ Journal ” for the 25th, and may bo of interest to some 
readers. 

Chokerit . — The mineral ozokerit, says a recent number of the “ Medical 
Pres-s," the celebrity of which has been achieved, it is said, by an expendi- 
ture in advertising of something approaching 15,000/. by Messrs. Field, of 
London, was exhibited by Mr. Henry Draper, at the last meeting of tho 
Dublin Chemical Club. This substance is found overlying tho coal mea- 
sures in Moldavia, Austria, and at the Urpeth Colliery at Newcastle-on- 
Tyne. It is purihed by distillation, and afterwards by pressing it and 
treating it with sulphuric acid j when purihed it has an extremely high 
melting point. For this characteristic, which has not been found in any 
other similar substances e.vcept wax, it is selected for the manufacture of 
candles, because it affords a larger wick and a better illuminating power at 
a lower price. From Mr. Draper’s experiments it appears that pure ozokerit 
and white wax melt at 150° F., the candle as sold at 138°, parafhn at 120°. 
There is, therefore, an admixture with it of some other material. Even the 
residue of ozokerit, after its purification, has been utilised. The late Dr. 
Matthiessen, whose untimely death by his own hand is still in our memory, 
patented it as an insulator for telegraphic wires, for which purpose it is 
said to bo eminently suitable. 

EnnmcUing of Iron. — Tlii.s important subject is discussed by Herr Dr. E. 
M. Dingier, in the Oct. (No. 2) number of “Dingler's Journal,” and tho 
paper is well reported in the “ Chemical News.” The author first points 
out that the main difficulty in tho process of enamelling iron consists in the 
fact that the expansion of the metal by any increase of temperature is far 
greater than the expansion of glassy bodies, and that, as a consequence, the 
enamel is very liable to come off by a sudden increase of the temperature of 
the enamelled metal. This defect, says the author, is best mended by the 
use and application of a ’ ground or first layer, which does not become 
quite fluid by heat, but retains a pasty consistency and porosity, which 
enable it to give way to some extent by the expansion. On this first layer, 
the second or covering layer is applied. The author recommends the fol- 
lowing mixture as ground or first layer : — Pulverised quartz, 30 parts ; 
borax, lOj ; white-lead, 3 parts. These ingredients are fused together, and 
the molten mass is pulverised and intimately mixed with 0 parts of very 
finely ground-up quartz, 8^ parts of washed pipeclay, and ^ part of mag- 
nesia alba. The second, or covering layer, is prepared by melting together 
a mixture of 37^ parts of pulverised quartz, 27^ of borax, 30 of oxide of tin, 
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15 of carbonate of soda, 10 of nitrate of potassa, and 6 parts of magnesia 
alba. The molten mass is poured into water, and afterwards mixed with 

parts of powdered quartz, 3§ of oxide of tin, ^ of carbonate of soda, 
and J parts of magnesia alba, and the whole of the ingredients very finely 
ground along with water, so as to constitute an inpalpable powder. The 
metal to be enamelled is first cleaned with dilute sulphuric acid (1 part of 
strong acid to 24 of water), then rubbed with sharp sand, rinsed in hot 
water, and immediately afterwards dried ; the enamel masses arc next burnt 
on. Well-made enamel exhibits the following characteristics : — perfectly 
smooth and level surface, so that the surface nowhere feels uneven or rough 
to the touch ; a pure white colour ; absence of small cracks. 

Copper and ManganeK AUoyt. — Mr. J. F. Allen, F.C.S., has made several 
interesting alloys of the above. These are, shortly, 1st, Manganese and 
copper in various proportions, from .To per cent, to o per cent, of iron, as 
ingot, sheet, or wire; 2nd, Copper, zinc, and manganeise, also in difierent 
proportions, and in a variety of applications; .‘!rd. Copper, zinc, man- 
ganese, and tin a.s ingots and as bearing; 4th, Copper, manganese, and tin 
in several different proportions as bars ; 5lh, Copper, manganese, and 
lead. 

The MetaU in the Sun. HeecrfaJ nf Sodium Lines . — Mr. C. A. Young writes 
a letter to Professor 1 1. Morton (published in the “ Chemical News,” Oct 21 ) 
regarding some recent spectroscopic observations in the sun. The following 
is the letter : — “ Dartmouth College, Hanover, N. II. ; Sept. 2(5, 1870. — My 
dear sir, — I write to inform you that last Saturdav', Sept. 22, about 11 a.ji. 
Hanover mean time, 1 was so fortunate as to see the sodium lines 1), and D^ 
reversed in the spectrum of the imibra of a large spot near the eastern limb 
of the sun. At the same time C and F lines were also reversed, but with 
the great dispersive power of my new spectroscope I see this so often in the 
solar spots that it has ceased to bo remarkable. In the umbra of the spot 
the Dj line was not visible, but in the jx.ummbra was plainly seen, ns a dark 
shade. I am not aware that this revcrs<d of the sodium lines in a spot- 
spectrum has over been observed before ; its reverstU in the spectra of pro- 
minences is not very unusual. A small prominence on the western limb of 
the sun, which was visible the same forenoon, presented all the following 
bright lints, viz. C, D„ 1C, I),, 1474-, A„ b,, 10805, 2(X)l o, 2a-51-. F, 

2581'o, 271X1’, and /i ; fifteen in all. In the tpot-spectrum the magnesium 
lines 6,, 6_,, and were not reversed, but while the shade which accom- 
panies the lines was perceptibly widened, the central black line itself was 
thinned and lightened.” 

If'/iat is If 'ocheinite? — Dr. 11. .Schwarz (in ‘‘Dingler’s Journal”) gives 
ail account of some e.xiieriments made with a hydrate of alumina found in 
the Wochein, and akin to tlie Dauxite. This wocheinite consists, in 100 
parts, of— alumina, 50 82; .silica, 11-28; jieroxide of iron, POO; water, 
24‘20; traces of carbonate of lime and of manganese. The mineral is suit- 
able for being mixed with other fire-clays (it is not sufliciently plastic by 
itself, even when pulverised), and for the manufactui-c of aiuminate of 
sixla and other salts of alumiua. 

(.'omjHisi/ion of Cohimbite. I'erro-Hnu iiile, and Sumurshitr. — In the 
“.lournal fiir pr.vlt. Cheniii-,' No. I-!, Herr .1. Hermann states the 
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analy^ua of the above three miuerale. Beyond this the paper has little 
interest. 

A Concrete which has several good Properties . — The Rev. H. Ilighton, M.A., 
has described to the British Association a form of concrete which appears 
inexpensive and useful. The following is the method of preparing it : — A 
concrete is made with any good hydraulic cement. When this is dry it is 
steeped in an alkaline solution of silica, in which is phtced a quantity of free 
silica. The following chemical process then takes place : the lime in the 
concrete extracts the silica from the solution, leaving the alkali free, which 
immediately attacks the free silica and conveys it in its turn to the concrete. 
This process goes on continually till the lime in the concrete is saturated 
with silica. By this process within a week the strength of the concrete is 
increased from 50 to 150 per cent., and by a longer continuation of the 
steeping the strength is still more increased. .Vs the alkali acts only as a 
carrier of the silica, it is used over and over again ; and it is in this that the 
economy of the manufacture consists. The following is the comparative 
resistance to a crushing force of several kimls of stone : — 



Tor sfi. Inch. 

The Silicated Concrete, or Patent Victoria Stone . 0,441 

Aberdeen Granite 7,770 

Dartmoor Granite 0,0!);) 

Peterhead Granite 0,210 

Yorkshire Landing 5,851 

Stafford Blue Brick 4,0.'!2 

Portland Stone 2,420 

Bath Stone 1,244 



The atone formed in this manner has been tried ns a pavement in the 
busiest part of Cheapside, and in many other parts of London, and for steps, 
lintels, sills, &c., in many parts both of this kingdom and abroad, as well as 
in India. The whole of the stone in the new warehouses, 27 St. Mary Axe, 
is made in this manner. 

Alloy of Lead and Platinum . — The “ Cliemical Nows gives the follow- 
ing account of the above alloy, prepared by Ilerr A. Bauer, which originally 
appeared in the “ Berichte der Deutschen Chemischen Gesellschaft zu Berlin,” 
No. 15, 1800. After referring to the observation of M. Peville, that an 
alloy of lead and platinum is readily decomposed in consequence of the 
conversion of the lead into white-lead, the author made an alloy, consisting 
of 3 parts of pure lead and 1 part of platinum. This alloy is so brittle that 
it can be readily pulverised ; and the powder so obtained was moistened 
with water, and placed under a bell-jar exposed to the action of carbonic 
acid, oxygen, and vapours of acetic acid. The conversion of the lead into 
white-lead took place rapidly ; and after it appeared that all the lend was 
converted into white-lead, the powder was treated with acetic acid, and 
the residue again exposed under the bell-jar to the action of the same sub- 
stances. This process having been repeated several times, there remained 
at last a steel-greyish coloured crystalline powder, which only appeared to 
be finely divided platinum. On being treated, however, with dilute nitric 
acid, the author found that the powder consisted of an alloy of lead and 
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platinum, which contained, in 100 parts — riatinuin, 48 82; lead, 51'18; 
corresponding to the formula Pt + Pb. This alloy has a specilic gravity of 
lo-77, is readily decomposed by mineral acids, but withstands boiling with 
acetic acid. 



MICROSCOPY. 

Death of the Pretident of thcRoyal Microscopical Society. — On December 12 
the Rev. J.Bancroft Readc, M.A., F.R.S., h'.R.A.S., passed away from among 
us, at the mature age of seventy years. lie might have lived much longer 
had it not been for the presence of a peculiar cancerous affection of the 
rectum, though, singularly enough, it was really a liver affection which 
removed him from among ns. Ho was a dear old man, and there must have 
been few who knew him who did not also love him. He was a man not as 
well known as he deserved to be, for during the last forty years he has been 
actively engaged in discoveries, both connected with the micrt)scope and 
photography. A full sketch of his life will, we believe, appear in an early 
number of the “ Monthly Microscopical Journal." Meanwhile a very good 
sketch of his photographic labours will be found in the “ British Journal 
of Photography” of December 10. 

77»e Condition of the Microscope. — The question ns to whether the object- 
glasses are perfect, or are in a condition very far from perfection, still goes 
on ; Mr. AVenham approaching the former side. Dr. Royston-Pigott the 
latter. The controversy is not yet done, aud in the present number of the 
" Monthly Microscopical Journal,” wo believe, a paper appears from Air. 
AVenhum, re-ns8t?rting his conclusion. As yet it is difficult to decide who is 
right Time will tell. 

Mowiliny Diatoms. — This, it must be confessed, is seldom done rightly. 
In the “Monthly Micro-scopical Journal” for December a paper by 
Captain Lang gives some useful hints. He says that of course all 

diatoms should be mounted on the cover. To secure the correct centering 
of them, he forms on a glass slip, by means of the turntable, a ring of gold- 
size gths of an inch in diameter, the size of his covering glass, and within 
this a very minute one exactly in the centre. This is haivleiied by heat, as 
his cells are. On the outer ring, at equal distances, are placed three little 
bits of beeswax. The covering glass, on which it is intended to arrange the 
diatoms, is placed on this general mounting slip, and slightly pressed on the 
wa.x. Instead of distilled water, he places on the cover a very slight smear 
of glycerine, into which previously, ns in the case of the water, a drop of 
gum may have been added. Into this the diatoms are dropped, and may 
then be pushed within the inner ring, and their perfect arrangement and 
centering are secured. The advantage of the glycerine over the water is 
that it is a greater solvent for freeing the diatoms from any extraneous dirt, 
and that it will remain moist for any length of time. AA’hen the arrange- 
ment is completed, the covering glass is gently pushed oft' the three pieces 
of wax, and transferred from the slide to the hot plate, when in a few 
minutes the glycerine is evaporated. Put on another slide under the micro- 
scope, a drop of benzole is placed on the diatoms, and whilst they are being 
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permeated by it, and all air displaced, a little balsam is dropped into the 
prepared cell, when the cover is seized by the forceps, reversed, and placed 
carefully on it, and the mounting is completed in less time than it has taken 
to tell the process. 

The Xeic Sponges. — Mr. Kent has contributed some interesting papers on 
the above to the “ Monthly Microscopical Journal.” Headers of these will find 
Dr. Oscar Schmidt’s new work full of interesting details anent the sponges 
found in his recent dredgings. Some of Schmidt’s drawings are indeed beauti- 
ful. The work is almost folio in point of size, and is illustrated by six plates, 
which are unquestionably superior to almost anything done in this countr}'. 
The memoir should be carefully read by those who arc interested in the 
subject. 

Passage of ichitc Coipascles Utrough the ITalls of Vessels . — This question 
would not appear to be decided yet, though there is much evidence in favour 
of their creeping out. From the details of a paper by Col. Dr. Woodward, 
in the “ Monthly Microscopical Journal ” for October, it would seem that, 
■so far ns the structure of the vascular walls aud the passage of tlie white 
corpuscles through them are concerned, the facts appear to he on the side 
of Cohnheim. How, then, with regard to the doctrine of infinmmntion 
which he builds upon those facts and upon his corneal studies ? Does the 
creeping out of the white corpuscles constitute the essence of the inflam- 
matory process ? Do these little movable masses of living protoplasm 
furnish the germs for the elements of new formations? Have pus-cor- 
puscles no other origin ? Are the processes which go on iu the cells of the 
inflamed tissue purely passive — mere phenomena of retrograde metamor- 
phosis ? 

Dr. Cai-jM-nler's Last Voyage. — Dr. Carpenter has laid the results of his 
last voyage (“ Malta, the Mediterranean, &c.”) before the Royal Society. 
The paper read was full of interesting detail.^i. It is not yet published, and 
when it is we shall of course lay it before our rcadei-s. Several now species 
have been found, and some curious facts about the distribution of animal 
life have been discovered. The copy of the proceedings containing the I’ro- 
fessor’s fonucr pajKir extends over one hundred pages. The first part deals 
with the apparatus, and it shows us that the author has paid attention to 
even the most adverse criticism of his earlier voyage, and has on this occa- 
sion taken care to have all the apparatus constructed upon the most 
thoroughly scientific principles. It is greatly to he regretted, though, that 
the electric sounding apparatus was found not to work sufficiently well at 
sea to enable Dr. Carpenter and his assistants to employ it. The details are 
singularly minute, and the appended repoi-ts by W. Lant Carpenter, B.A., 
B.Sc., Dr. Frankland, F.R.S., and Mr. David Forbes, F'R.S., though short, 
arc of an excellent character. 

PrttchariTs Infusoria . — now edition is coming out, greatly improved. 
At a late meeting of the Xew A'ork Lyceum of Natural History, Professor 
T. Egleston, jiin., read a letter received from Dr. Eulenstcin, of Berlin, 
speaking of his forthcoming revised edition of “ Pritchard’s Infusoria,” and 
asking for contributions of specimens for the purpose of furthering that 
undertaking. 

Srowning's Sj>eelroscopc fables . — These are e.vcellcut, aud produced at a 
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very low price, l^ncli tatle is about tlie size of this journal, and contains 
seven or eight spectra, with the principal hands marked out. 

Progrett of Microscopical Science. — The work done during the past quarter 
has been valuable, ns will bo seen from the subjacent list of the articles con- 
tributed to the three numbers (October, November, and December) of the 
“ Monthly Microscopical Journal.” “ The Patterns of Artificial Diatoms.” 
Hy Henry J. Slack, F.G.S., Sec. ll.M.S. — “ On Ancient Water-fleas of the 
Ostracodous and Phyllopodous Tribes (Divnlved Entoraostraca).” By Pro- 
fessor T. Kupert Jones, E.G.S. — “On the Ileal Nature of Disease Germs.” 
By Lionel S. Beale, I'Mi.S., Fellow of the Koyal College of Physicians, 
and I’hysician to King's College Hospital. — “ On the Histology of Minute 
Blood-vessels.” By Brevet Lieut. -Col. Woodward, .\ssist.-Surgeon U.S. 
.\rmy. — “On the Formation of Microscopic Crystals in Closed Cells.” By 
A. W. Wills. — “ Tlio Ciliary Muscle and Cr3-stalline Lens in Man.” By 
J. W. Hulke, F.B.C.S., F.B.S. Part II. On the ‘ IlexactineUida?,’ or 
Hexradiate Spiculed Silicious Sponges taken in the ‘ Norna ' Expedition off 
the Coast of Spain aud Portugal. AVith Description of New Species, and 
Ilevisiou of the Order.” By W. .Savillc Kent, F.Z.S., F.B.M.S., of tho 
Geological Department, British Aluseum. — “ On a Mode of .Vseertaining tho 
Structure of tho Scales of Thysanuradem.” By Joseph Beck, F.B.M.S., 
F.Il.A.S. — “ On the .Advancing .Aplanatic Power of tho Microscope, and 
New Double-Star and Image Tests.” By G. W. Ilo3'ston-Pigott, MA., 
M.D. Cantab., M.R.C.P., F.C.P.S., F.B..\.S., &c. &c. — “ A Few Bemarks 
on Dr. Bastian's Papers on Spontaneous Gencratiou.” By Metcalfe Johnson, 
M.B.C.S.E., Lancaster. — “.American Microscopes and their Merits.” By 
CharlesStodder. — “On a New .Anchoring Sponge, ‘ Dorvillia.Agaricifomib.’” 
By W. Savillo Kent, F.Z.S., F.lt.M.S., of the Geological Department, 
British JIuscum. — “ On Aplaualic Definition and Illumination, with Optical 
Illustrations.” By G. l!o3'stou-Pigott, M.D., M..A., &c. — “ On Selecting 
and Mouutiug Diatoms.” By Captain Fred. II. Lang, President of the 
Bending Alicroscopieal Society. — “On Certain Cattle Plague Organisms.” 
By Boyd Jla-^s, F.B.C.S. — “ Notes on New Infusoria.” By J. G. Tatem. 



PHYSICS. 

T’/ic Poyal Societij. — lhc annual meeting of the Fellows of this society 
was held on November JO, at Burlington House. The President, Lieut.- 
Geueral .Sir Edward Sabine, K.C.B., &c., delivered the inaugural address, 
in which he reviewed the progress which had been made in science during 
the year. In closing his address Sir E. Sabine announced his intention not 
to oiler himself for re-election at the next anniversary, when, to quote his 
words, he “ will deliver over the chair, doubtless to a 3’ounger, it may well 
be to a worthier, occupant; it can hardly be to one having the welfare of 
the Boyal Society more warmly at heart” — a sentiment which was cor- 
dially echoed by all present. 'The presentation of tho medals followed ; — 
'The Cople3' Medal was awarded to Mr. James Prescott Joule, F.B.S., for 
his experimental researches on the dynamical theory of heat ; a Boyal 
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Medal to Professor 'Willinm Ilnllowea Miller, Foreign Secretary U.S., for 
his researches and -writings on mineralogy and crystallography, and his 
scientific labours in the restoration of the national standard of weight ; a 
Royal Medal was also awarded to Mr. Thomas Daridsou, F.U.S., for his 
works on the recent and fossil Brnchiopoda, more especially his series of 
monographs in the publications of the I’slicontographical Society ; the 
Rumford Medal to M. Alfred Olivier Des Cloizeaux, for his researches in 
mineralogical optics. 

Tool Paring and Cutting. — At the meeting of the Literary and I’hiloso- 
phical Society of Manchester on Xovemher L5, Mr. Johnson, in an interest- 
ing paper, pointed out the great advances that have been mode in this 
department of late. lie finally showed to the meeting some specimens of 
steel and iron parings sent to him by Messrs. Smith and Coventry, 
machinists, Salford, and further remarked that these parings demonstrated 
very clearly the capabilities of the machines and cutting tools of the 
present day. One specimen, from a Be.ssemer steel shaft, the result of 
taking a cut Aths of an inch deep by Jths of an inch traverse, was particu- 
larly interesting on account of the form and size in which they, the parings, 
left the cutting tools. The cutting tools used in obtaining the specimens 
exhibited to the meeting were of a peculiar construction, and posse.=sed 
some marked advantages over those in ordinary use. 

Musical Pitch. — The conductors of the “ Society of Arts .Toumal ” have 
adopted an excellent plan. They have wTitten to the musical department of 
nearly every European State, making enquiries as to the “ pitch ” adopted 
therein. The letters returned liave been most valuable ; and to render them 
still more so, their contents have been arranged under several heads in a 
scheme of clas.«ification, so that by looking over two or three pages every 
information concerning this point may be gained. 

The Fusibility of Plaiinum in the Uloicpipc. — Mr. AV. Skey, analy.st to the 
Geological Survey of New Zealand, has a short note on this point in the 
“ Chemical News "’of Dec. 2. The metal platinum has hitherto been supposed 
to be infusible, except at a temperature that is so high as to be incapable of 
being produced by the common blowpipe. When he was lately engaged in 
studying the effects of the hot-blast blowpipe flame, the results of whicli 
investigation have already been communicated to the Wellington I'hilo- 
sophical Society, he found it nece.s.sary to test, with accuracy, the degree of 
fusibility of platina ; and discovered that if the loss of heat fix.m the flame, 
by conduction, was guarded against, platinum can be fused with an ordinary 
blowpipe blast through a candle flame. The method adopted was to sub- 
stitute, for the metallic nozzle generally employed, a tube of clay or glasj, 
either of which is a feeble conductor of heat, ns compared with metoLs. By 
this means fine platinum points were fused in an unmistakable manner to 
beads. The blast was that ordinarily u.sed in the laboratory by the use of 
the hydrostatic blowpipe, the flame being that of a stearine candle. 

Lecrlling and Surrey in Switzerland. — In the “ Archives des Sciences phy- 
siques ” (No. 4) MM. Ilirsch and I’lnutamour give an important paper on 
this subject. , The paper contains an interesting account of the labours of a 
committee of scientific men and engineers, -who, acting upon the suggestion 
made at an international meeting held at Berlin in 1804, under the presi- 
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(lency of fiencral Baeyer, pet to work to execute, in tlie Helvetian Republic, 
a complete and very accurate takinff of levels and measuring of altitudes 
above sea-level, and other geodesicnl labours. The observatory at Heme is 
situated at f>72’14 metres above sea-level; the cathedral of Fribourg at 
oSS'CC metres ; the town-hall at Chaux-de-Fonds at tlSO-S.'i metres. 

PhysicB at Cambridge . — We learn from a contemjiornry that the difficulty of 
providing funds for the establishment of a Professorship of Physical Science 
in the I'niversity of Cambridge has been overcome by the colleges, at a 
meeting of their beads, taking upon themselves a quota of the rates for im- 
provements and other purposes in the town of Cambridge, which was 
formerly charged upon the University funds. This sum amounts to more 
than twelve hundred pounds per annum ; so that the University will speedily 
be able to avail itself of the munificent offer of the Duke of Devonshire, and 
will doubtless proceed at once to establish a Professorship of Physical 
.‘'cience, and obtain the other aids in the way of laboratory, apparatus, and 
assistants, that the Professor may require. 

Phytirt at Oxford . — It is now stated that the Physical Laboratoiy lately 
built at Oxford is opened this term for practical instruction in physics, under 
the superintendence of Professor R. B. Clifton, F.R.S., assisted by two 
demonstrators. 

The Imk» of Dietiilatuin . — It is a fact that volatility alone does not deter- 
mine which of mixed liquids will distil over first. Quantity has something 
to do with it. If the leas volatile bo in large excess, it tends to come over 
with the other. But there is still another law. The comparative density of 
the vapours produced affects the result, the denser vapour having a ten- 
dency to be evolved in greater quantity. Dr. \'an dor Weyde thus closes a 
rt'cent paper : — “ These facts prove that the amount of vapour developed from 
liquids is regidatcd by volume and not by weight, or, in other words, that 
of two liquids possessing the same boiling point, but of which the densities 
of the vapours differ, the same volumes of vapours will evolve, and that, 
consequently, the liquid emitting the densest vapour will evaporate in larger 
quantity ; or that if there bo two liquids of which the boiling points difler, 
and that with the lowest boiling point posse.s.«es the lightest vapour, the 
greater volume of the vapour generated from the latter will produce less 
liquid after recondensation than the lesser volume of the vapour evolved 
from the le.ss volatile liquid, the latter thus more than compensating the 
former, and resulting in the apparent anomaly tliat from a mi.vture of two 
liquids of different boiling points the least volatile may sometimes distil 
over in the largest quantity.” 

The Laws of Electric Batteries.— ~Mt. II. Ilighton contributes to the 
“ Chemical News,” Dec. 2, some novel ideas ou the subject of electric bat- 
teries. He is evidently working the subject out in its right vein — dividing the 
time during which the batteiy acts into three periods. He thus describes them. 
(1) The time which it takes the electric force to traverse the circuit after it 
is closed. This in ordinary cases is infinitesimal ; but where the circuit is 
very long, and where there is much inductive as well as conductive resist- 
ance, as in the Atlantic telegraph, the time becomes very appreciable. But 
he would remark that the expenditure of zinc during this first period is 
occupied in producing a state of ten.sion in the conductor which, theoretically 
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6p«iiking, forms a store of arailablo force that may afterwards be recovered. 
(2) There is the period during which the magnet is pulling its keeper to 
itself, and is positively doing actual work. Now, paradoxical as it may 
seem, it is a fact that during this period (No. 2), while the magnet is doing 
actual work, the intensity and the consumption of zinc is actually dimi- 
nished, so that, in one sense, the more work done the less the fuel (so to 
speak) which is consumed in doing it. It is in this point that a galvanic 
battery differs from other machines which do work. It is as if a horse, 
when he did work, ate actually less food than when he was idle, and wasted 
less muscle, or as if a locomotive consumed less fuel when in motion than 
when at rest. (.3) Then comes the third period, when the keeper has been 
pulled home, and the weight is merely sustained. During this period no 
actual work is being done, and the weight sustained only shows what work 
the magnet is capable of doing, and so serves ns a measure of its potentiality, 
and during this period (No. 3), strange to say, more zinc is consumed per 
unit of time than while the work is being done. In practice, therefore, in 
an electro-dynamic engine, period 3 should be reduced to nil. Now break 
the circuit. If there be a secondary wire (as in a Ruhmkorff coil) the 
tension produced during the first period may be utilised in some way by the 
counter current produced in thus breaking the circuit, and the same series of 
phenomena may then begin over again. 

The Filnu of Liquids, and Cohesion Figures . — In connection with this 
matter, Mr. Charles Tomlinson, F.R.S., has been making some interesting 
experiments. Under date Nov. 28, he writes an account of the following 
experiments to the “ Chemical News ’’ : — A very strong solution of sodic 
sulphate was boiled in a large flask and then filtered into six small flasks, 
each of which was again boiled and set aside to cool, covered with a 
watchglass. Some oil of citronella, diluted with two or three times 
its volume of ether, was taken up in a straight dmpping-tube furnished 
with an india-rubber shield, as described in my mode of testing M. JeanneTs 
experiment (see “Chemical News,’’ vol. xxi. p. 62). The watchglass 
was gently removed from the flask No. 1, and the dropping-tube inserted; 
after some minutes a drop fell from the tube, the ether in spreading over the 
surface described its cohesion figure, and the solution crystallised imme- 
diately. In Nos. 2 to 5 the dropping-tube was lowered so as to deliver the 
drop very gently, or it was allowed to trickle down the side of the flask. In 
two cases the ether evaporated and left the oil on the surface in minute 
lenses ; there was no crj-stallisation even on gently shaking the solution. In 
No. 4 a film was formed on the side of the flask ; on inclining it so as to 
bring the solution into contact with it, crystallisation set in. In No. 0 a 
film was formed on the surface, but on gently shaking the flask the solution 
became solid. 

Ihud in the Air . — At the British Association Mr. C. R. Titchbome pves 
an account of his later experiments on the Dublin atmosphere. His obser- 
vations, so far ns they go, seem to point to a curious phase of the subject — 
that is, that dust taken at a great height, and in such a position as in certain 
experiments, should appear to have ns great, or greater activity, than that 
wWch would be obtained from a building which is nightly crowded to suflo- 
cation. This, in some measure, may be due to the extreme levity of the 
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spores, which are supposed to be the life of the dust, and which lightness 
may be described as almost approaching volatility. There is, probably, an 
attitude of the ma.rimuiii of aciirUy for all localities as regards dust. It is so 
light that even that obtained in an ordinary house contains a large portion 
that refuses to sink when thrown upon water ; and, even when the vessel 
is placed beneath an air-pump, a largo percentage floats. To him the activity 
of the dust taken from the top of the monument 134 feet high is something 
marvellous — this source so far removed from the busy streets — yet its organic 
matter contains what is capable of splitting up, in a short time, hundreds of 
times its own weight. 

Meteoric Ditst in Snoic. — This is a curious subject, but it bas been very 
well followed out by Herr D. lluseman, who in the “Neues Jahrbuch fiir 
Pbarmacie ” (September) gives an account of a reddisb-coloured dust which 
fell along with snow in the Swiss canton Du Vaud in the winter of 18U7. 
According to a calculation, made from experiments nod observations con- 
ducted with care, the quantity of dust fallen over the entire surface of tho 
canton amounted to about l,f>00 tons. The author examined the dust, as 
well as the snow which had fallen simultaneously. The water yielded by 
the snow contnint'd a considerable quantity of sulphate of lime and organic 
matter, both of which are absent in ordinary snow-water, at least in Switier- 
land. The microscopical inspection of the dust proved it to contain minute 
particles of mica, felspar, quartz, and variously shaped organic matter. After 
having been dried at 100°, and ignited, tho loas amounted to from 20 8 to 
even 24 per cent, for four diflerent assays. The greater portion of this loss 
was due to the volatilisation of water, of crystallisation and constitution, but 
nitrogenous organic matter was also found to be present. Of the residue 
after ignition, about half was found to be soluble in hydrochloric acid. 
This solution, which was only qualitatively tested, contained pero.xide of 
iron, lime, alumina, magnesia, and sulphuric acid ; the portion insoluble in 
acid, having been fused with a mixture of pota.ssa and soda, was found to 
contain, beside a large quantity of silica, also alumina, oxide of iron, and 
lime. Tbe dust, when treated with an acid, gave off carbonic acid largely. 

Gas and Gas-works. — A paper entitled “Instructions, Rules, and Regula- 
tions concerning the U.se of Gas and the Inspection of Gas-works, Gas- 
meters, and Gas-pipes, ordered to be observed by tho Communal Authorities 
of Karlsruhe” (Baden), which should be consulted by gas makers and 
engineers, will be found in the September number of the “ Joiumal fur Gas- 
beleuchtung.” 

Experiments in Suh-perinanent Magnetism. — The following experiments 
are described in the"" Chemical News” of November 25. The object of the 
experiment is to produce, in a few minutes, what Dr. Tyndall has named sub- 
permanent magnetism ; and thus represent to a class quickly what is effected 
by the earth s'otdy in soft iron lying in the magnetic meridian, and subject to 
molecular disturbance from percussion or other causes, llio requisites for 
the experiment are — a block of cast iron (wrought iron might, perhaps, do) 
slightly magnetised, a bit of soft iron wire, a hammer, and a magnetic 
needle for testing tho wire. Expt. 1. Lay the iron wire on the block, and 
hammer it lightly from end to end, for a few seconds. Presented to the 
needle, the wire will be futind magnetised, showing distinctly strong north 
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and south poles, produced by the south and north poles of the block, 
iliyrf. 2. rince tho wire rererwd on the block, i.c. lay the north polo of the 
wire on the north polo of the block, and hainmcr ns before. Tested again 
by the needle, the wire e.\hibits its poles reversed. E.qtt. .I. Lay the wire 
as in Expt. and haninicr; th<; original polarity is restored. Finally, by 
ehanging the position of tho wire, tho pole may lx> changed and rechanged 
ns long ns tho wire lasts. This e.vperiment would seem to represent well 
the magnetising action of the earth. The block personates the earth with 
its magnetism, which is not less comparatively than that of the cast iron. 
Were the wire to remain for a considerable time lying on the block, it would 
be magnetised. The hammering effects this quickly. 

Obtfiinmy Hiyh Temperatures in Liquids . — A very useful invention of 
Mr. Coffey is now to be seen in operation at Messrs. Doulton and Watts's, of 
Lambeth. It is a new mode of obtaining high temperatures for the evapo- 
ration of liquids without the use of high pressure or superheated steam, and 
is, in fact, a modification of the circulating system, heated water being re- 
placed by heavy paraffine oils. These circulate exactly like water. A close 
system being made, the oil heated in a coil of pipe placed in a furnace rises 
first to an air-tight tank, from which it runs through pipes and the jackets 
of pons, descending ns it cools to the coil of pipe in the furnace. With this 
apparatus a temperature of COO” or 700’ F. may be safely maintained with- 
out any of the risks arising from the use of steam at high pressures, and, as 
will be easily .seen, with a much less expenditure of fuel. 

A Hecere Test for a Lightning-Rod . — According to a recent number of 
the “ Boston Journal of Chemistry," a powder magazine at ^'enice, contain- 
ing 300,000 kilogrammes of gunpowder (about 300 tons) was struck by 
lightning this summer. The platinum point of the lightning-rod was melted, 
and the rod split mid twisted, but tho electric charge was safely conducted 
to the earth without doing any other damage. That lightning-rod may be 
.said to have awed a city, for the explosion of such a quantity of powder 
would have laid all Venice in ruins. 



ZOOLOGY AXD COMPARATIVE AXATOMY. 

Ohjedimts to Darwin’s Theory of Fertilisation through Insect Ageixcy. — At 
the .Vmerican Association for the Advancement of Science Mr. Thomas 
Meehan read a paper on this subject. lie said that the discoveries of 
Darwin had disclosed wonderful apparent arrangements for fertilisation 
through insect agency ; hut occasionally instances were found where, with 
the most perfect facilities, insects seemed to make no use of them. These 
had been considered ns objections to a full acceptance of Mr. Darwin's 
theories. Tho Salvia was an instance. The lower division of the anther 
acted as a petaloid lover, closing the throat of the corolla tube, which ought 
to throw the pollen on the back of tho bee when it entered for the honey. The 
principle was perfect, lint no insect is seen to enter. On the other hand, the 
humble bee, " without which,” Darwin says, “ some species would die out 
in England,” boros a hole on the outside, through which it gets the honey. 
The humble bee thus seems to avoid its duties here. A similar state 
VOI,. X. — XO. XXXVIII. I 
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of things exists in the Petunia of our gardens. The humble bee extracts 
the honey by making a slit in the tube, and avoids interference with the 
pollen. But Mr. Meehan found that these flowers arc the favourite resort 
of Sphinxes and other night moths, which do extract the honey from the 
mouth of the tube, and thus cross fertilise. It would thus seem that plants 
not only do ns a rule prefer fertilisation by insect agency, but probably some 
classes of dowers have their preferences for certain classes of insects. In 
the case of Salvia, probably some insects peculiar to their native countries 
fertilise them ; especially is this probable, as in cultivation the Salvia pro- 
duces very little seed. 

A yejc Form of Leech. — At a late meeting of the Academy of Natural 
Sciences, Philadelphia, Professor Leidy exhibited in a vessel of water 
numerous living specimens of a leech, which he said was abundant in the 
vicinity of Philadelphia, but appears to be an undescribed species. He had 
first observed it in a pond, on the Delaware, near Beverly, Burlington Co, 
N. J., from which he obtained the largest, specimens. It was found ea- 
pecially beneath half-submerged dead limbs of trees, sometimes between the 
bark and wood, and in crevices and holes of the latter made by insects. It 
was also found in the Delaware and Schuylkill rivers near shore, beneath 
stones. In ditches below the city, and communicating with the rivers men- 
tioned, smaller leeches, apparently the young of the same, were frequent 
between the leave sheaths of submerged stems of aquatic plant.s, such as 
Zizania aquatica, Scirpu* Jluciatilit, Sagittaria, Sparganinm, &c. When dis- 
turbed, the animal receded from its position of rest, and swam rapidly like 
the ordinary medicinal leech, Hirudo decora. It appears to belong to a dif- 
ferent genus from the latter, and approaches most in character Nepheiit, 
though it even e.xhibits points of difference from this as ordinarily described. 
He has given it the name of Kephelie punctata. 

The Fer-de-lance of Martinique. — A remarkable instance of the develop- 
ment of this species was recorded lately by Professor Cope, who called attention 
to a large specimen of a Trigonocephalue, of which some fourteen inches were 
enclosed in the oesophagus and stomach of a larger Oxyrrhuput plumbtut. 
The specimens were from the island of St. Lucia, West Indies. He stated 
that a species not distantly related to the latter {Ophibolue getulm) was said 
to have a similar habit of devouring our native Crotalida. The islands of 
Martinique and Guadaloupo had become so infested with the fer^e-lance, 
Trigonocephaliis lanceolatue, as to bo in parts almost uninhabitable, and 
it was chiefly on accoimt of the danger from this venomous reptile that 
collecting naturalists had of late years so seldom visited them. The annual 
number of deaths in Martinique from this cause was said to be very large. 
Some means had been adopted to check the increase of this pest, but with 
small results. Professor Cope thought that, as the Oxyrrhopus plumbeut 
was very numerous in Venezuela and Brazil, and since it was very harmless 
and easily procured, its introduction in large numbers into Martinique, 
&c., would be a simple matter, and one probably to be attended with good 
results in the diminution, at least, of this enemy of agriculture. — Proceedings 
of the Society of Natural Science at Philadelphia. 

The Anatomy of the Panda . — At the meeting of the Zoological Society on 
Nov. 15 Professor Flower read a memoir on the anatomy of the Panda 
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(Ailunu ftUgent), as deduced from a specimen of this animal which had 
been presented to the Society by Dr. Simpson, in May 1860, and had lived 
for some time in the Society’s gardens. After an elaborate examination of 
every part of this animal, Ihrofessor Flower came to the conclusion that it 
belonged to the Arctoidean group of the carnivores, and was most nearly 
allied to the racoons and other members of the family Procyonida. 

Notes OH Tortoises. — Dr. J. E. Gray, F.R.S., with an energy which we 
fancy few of our younger naturalists possess, read, at the Zoological Society 
on Nov. 1, no less than six communications on various points connected 
with the natural history of the Testudinata. The first of these contained 
notes on three tortoises living in the Society’s gardens, one of which was 
believed to be new to science, and was proposed to bo called Testiido chileiisis. 
The second contained descriptions of two new species of Indian tortoises in 
the collection of Mr. T. C. Jerdon. The third related to the family Der- 
matetnydee, and embraced the de.scription of a species of this group living in 
the Society’s gardens. The fourth contained notes on a West African 
river tortoise (Cyelanosteiis saieyalenm), also living in the Society’s gardens. 
The fifth contained notes on liartlettia, a proposed new genus of fresh-water 
tortoises, belonging to the family Peltocephnlidre, and the sixth notes on the 
species of Rhinodemmys, in the British Museum. 

AiwtoHucal Characters of LimjKts. — In the “American Naturalist” for 
November Mr. Dali gave an account of the anatomical characters of the 
conical univalve mollusks generally known as limpets. These have been 
divided by Gray and other naturalists into two orders, according as the 
auimal possessed one plume-shaped gill over the hack of the neck, or a 
cordon of lamellar gills all around the body. Ilis recent investigation of 
the anatomy of many species, principally from the American coasts, had 
shown that the value of these distinctions was less than had been here- 
tofore supposed. Some of the limpets were shown to be entirely without 
special gills ; others possessed a cervical plume-like gill, and also a cordon 
of accessory gills, greatly varying in extent in the different genera. For 
this reason he proposed to include them all in one order (named Docoylossa 
by Dr. Troschel), subdividing it into two sections characterised by the total 
absence, or by the presence, of gills. These sub-orders would respectively 
bear the names of Ahranchiala and Proteo-braiuhiata. 

The Development of DUtina . — This subject has been well studied by 
Professor Edward S. Morse. Keferring to his former papers in the early 
stages of Terebratulina, and the evidence then adduced of the proofs of the 
close relations existing between the Brachiopoda and the Polyzoa, he said 
that an examination of the early stages of Discina showed the same simple 
lophophore, sustaining a few cirri, the stomach hanging below, and other 
features in which a resemblance was seen. The perivisceral wall is made 
up of two layers of muscular fibres which cross each other, giving it a reti- 
culated appearance. While the young shell is oval in shape there is marked 
out a perfectly circular area, indicating that at the outset the embryo pos- 
seases a circular plato above and below. The muscles were very large, and 
occupied most of the perivisceral cavity. The setre fringing the mantle 
were very long, those from the anterior margin being nearly three times 
the length of the shell. The mantle margin, the blood lacuna.', and the 

nds of muscles to move the sette, were all described. 
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SiilmoH hi Jiipim . — Tho “Society of Arta Jounial ’’ says that Mr. Troup, 
acting-consul at Ningata, in a report this year to .Sir If. I’arkes, states that 
great quantities of .oalinon are caught in all the rivers of that province. 
Besides in the Shinano-gawa, it is found in tho .\ga-no-kawa,'the Arakawa, 
and the Miomote-gawa, or Murakami rivers to the north-east. Might it 
not be possible to introduce the spawn info Tasmania and New Zealand 
from Japan more successfully than has yet been done from England ? 

Collection of Vcnezndan Birds . — On November 15 a paper was read before 
the Zoologicid .Society by Messrs. Sclater and Salvin on the recent collec- 
tions of Venezuelan birds made by Mr. A. Goering in the vicinity of Merida. 
The present collection was stated to embrace c.vamples of 105 species, nine 
of which were considered to be new to science. Amongst tho latter were 
two new parrots, proposed to be called T~rochroimi dilatissima and Cimiinu 
rltodocephalus. 

The Itelations of Brnchiopods and Worms . — It .seems unlikely that the 
Brachiopotls should he classed with the Annulos.a, yet thej’ have been ; and 
wo are glad to see that an American naturalist, Mr. Dali, places the 
Brnchiopods once more among the Mollu.'ca. In doing so he referred to 
several special points of structure, especially the peduncle of Lingada, de- 
monstrating its constniction to be analogous to that of the siphons of bivalve 
mollusk.s, such as tho common clam, Mya arenaria. He then de.scribed the 
bristles of Lingula, showing that they were quite different iu construction 
from those of the worms, and also that the Chitons were (in some genera) 
provided with true follicular set.'c, proceeding from the mantle. Hence 
these charactei's cannot be held to aflbrd satisfactory evidences of aflinities 
with Annelids. Mr. Dali then proceeded to discuss the theory of Mr. 
Morse, that the Brnchiopods were a subdivision of the Annelids. Mr. Dali 
took the opposite view, and, says the “ American Naturalist,” while ad- 
mitting all tho facts brought forward by Mr. Morse, and fidly appreciating 
the careful and thorough nature of his researches, contended on the other 
hand that these facts were susceptible of quite another interpretation. Mr. 
Dali then went on to take up, one by one, the circulatory, nervous, muscular, 
and digestive systems of the Brnchiopods, and to compare each with the 
same organs in tho Annelids and the Mollusks, and came to tho conclusion 
that the weight of structural characters was essentially of a Molluscan 
nature. The Mollusks were an individualised type, while the Annelida, and 
even most of tho Articulates, were typified by their repetition of similar 
organs. No such repetition obtains among the Brachiopods. Mr. Dali was 
of the opinion that the Molluscoidea should rank ns one of two great primary 
divisions of the Mollu.aca — one, the true Mollusks, tjpified by the Gastero- 
poda, and second tho Molluscoidea, typified by the Brachiopoda. The second 
division would include the Polyzoa, Tunienta, and Brachiopoda; and Mr. 
Doll was of the opinion that these groups were essentially related to one 
another, and cannot be separated without violence to their affinities. 

The Cranium in Rejrtiles, Batrachia, and Fishes . — Professor E. I). Cope 
rend a long paper before the American A.asociation on this subject. It is 
reproduced, with tho woodcuts, in the “American Naturalist” for October. 
It is a lengthy and important paper, and we do not do more than refer to it 
here, for it would be impossible to give any abstract of it whatsoever. 
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THE DISCOPHORES, OR LARGE MEDUSA. 

By the Rev. THOMAS HIXCKS, B.A. 

[PLATE LXX.] 



F ew things can be less attractive or suggestive of grace and 
brilliancy than the great lumps of jelly which so often 
strew the beach at certain seasons of the year. Yet these are 
the remains, sorely mangled in the rough collision between sea 
and shore, of some of the loveliest of living things. A jelly- 
fish stranded, soiled by its contact with the sand, mutilated by 
the rush of the angry waters, its crystalline lustre dimmed, its 
\-ivid colours faded, its rhythmical movement stilled, is an un- 
sightly ruin. Swept in by the advancing tide, with no power of 
resistance, and left an inert mass upon the shore, it is the very 
type of utter helplessness. But the jMedusa, floating on the 
surface of a calm, clear sea beneath a summer sky, or gently 
l)ome onward by the rhythmical pulsations of its swimming- 
bell, its long fringe of slender filaments dependent from the 
mar gin of its crystal dome, and trailing after it in graceful 
curves, is a model of exquisite form, and suggests nothing but 
happy freedom and the very luxury of motion, as it rises and 
falls in the yielding water. To the other elements of beauty 
which characterise it, vivid and varied colouring must be 
added ; the hyaline disc is often adorned with blue, yellow, 
rose, purple, and other tints, while the fringes are also richly 
dyed. 

We are not surprised to find that these beautiful creatures 
engaged the attention of the ancients, and have always excited 
the wonder of naturalists, if they have not always received very 
intelligent treatment at their bands. The singularity of their 
forms, and the profusion in which they occur in all seas, were 
sure to arouse curiosity at leqst, while the striking peculiarities 
of their structure and mode of life have stimulated and baflSed 
the research of the anatomist and physiologist. “ All seas,” 
say MM. Peron and Lesueur, whose names are most honourably 

VOL. X. — so. XXXIX. K 
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connected with the history of the tribe, “ produce various kinds 
of these singular animals ; they live amidst the Arctic waters of 
Spitzbergen, Greenland, and Iceland; they swarm under the 
fires of the Equator, while the great Southern Ocean is rich in 
numerous species. All maritime peoples appear to have known 
them from the highest antiquity ; Philippides, Eupolis, Aristo- 
phanes, and Diphilus, before Aristotle, have mentioned them ; 
and from the time of Pliny to our own days (the beginning of 
the 19th century) more than one hundred and fifty writers of 
all the nations of Europe have occupied themselves with their 
history.”* The true interpretation, however, of Medusan 
structure and life has been reached since the French naturalists 
wrote. 

Aristotle, singling out a character which is by no means 
universal, fixed upon the tribe thenameof sea-nettles(Aco^<^Ace), 
in conjunction with the Actiniae ; and it has clung to the Medusae 
from his time to the present. Many of the species, no doubt, 
sting, and sting severely ; but many more seem to be destitute 
of the power, or to possess it in a very slight degree. The 
secretion of a poisonous or paralysing fluid, it may be re- 
marked in passing, has an important relation to the diet of the 
jelly-fish, enabling it to deal with creatures much higher in the 
scale of being, and much more strongly built than itself. Other 
popular names for the Medusae are founded on the phospho- 
rescent properties which many of them manifest, and which form 
so striking a feature of their history. To the Italians they are 
“ Candellieri di mare the Arabs call them ^^Kandil el bahr” 
{Iticema marina). The resemblance between the rhythmical 
pulsation of the disc and the respiratory movement has sug- 
gested the designation of Pulmo marinua, or “sea-lungs,” 
while our own “jelly-fish” and its less refined equivalent 
“ sea-blubber,” if not so poetical, are in their way as expressive 
as any.t 

But tiuTiing from names to the things themselves, the Disco- 
phora constitute an Order of one of the two great branches into 
which the Ccelenterate sub-kingdom divides itself, the Hydrozoa. 
It ranges alongside the Hydroid Zoophytes, as a parallel group ; 
and while the two divisions have their capital features in com- 
mon, they are separated by a sufficiently broad line of structural 
difference. The Hydroid includes within the compass of its 
individuality two principal elements, a fixed alimentary zooid 
or hydra, and a reproductive zooid, which is frequently or- 
ganised for free and independent existence, on the Medusan 

* “ Histoiro giSn^rale des M^duses.” Introduction. 

t Other trivial names are “ GeltSe de mer,” “ Chapeau marin” (Mediter- 
ranean), “ Boule de mer,” “ Capello di mare,” &c. 
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tjpe, but also frequently maintains its connection with the 
primitive stock in a less Wghly specialised form. So the Dis- 
cophore has its two equivalent elements ; a fixed polypite, 
whose functions are merely nutritive and vegetative, and a 
sexual zooid, developed from the former by gemmation, in 
which the Medusan structure reaches its highest grade, and 
which always leads a free oceanic life, while discharging its 
reproductive fimctions. In both groups there are exceptional 
genera in which the comse of the life-history is modified by 
the suppression of the fixed element, and the Medusa is 
develop^ directly from the ovum, and not as a bud on a hydra- 
form stock. Such forms, however, exhibit in each case the 
closest aflSnity to those which are produced in a more normal 
manner, and should clearly take their place amongst them in 
the ranks of the same division. In the two groups, then, the 
general plan of the life-history is identical, and there is a strik- 
ing similarity in many of the structiual features. The differences 
will be noticed when I come to describe the organisation of the 
Discophore in detail ; but one salient point of contrast may be 
mentioned at once. Amongst the Hydroid Zoophytes the 
fixed vegetative element predominates ; the sexual members 
of the colony, though sometimes free and locomotive, are in a 
large number of cases as permanently attached to the parent 
organism as the flower to the plant, and where medusiform 
zooids are present, they are comparatively small, incon- 
spicuous, and of a lower structiual grade. But amongst the 
Discophores, the locomotive medusan element is altogether in 
the ascendant and reaches its culminating point ; the polypites 
are small and insignificant, and of much the same pattern ; the 
more highly specialised structure has gained upon the merely 
vegetative ; and vagrancy, instead of plant-like fixity, is the 
characteristic of the tribe. 

Let me first define more precisely the limits of the Order which 
forms the subject of the present paper. The Discophora em- 
brace the large jelly-fishes (Plate LXX. fig. 10), or Sioimmmg- 
politpites — to borrow the expressive German name — whether 
developed directly from an egg or as buds from a hydra-like 
stock ; and also an aberrant group of fixed Medusae, the Lucer- 
jiariidw, of which I shall have more to say hereafter. The 
jelly-fish is both the most characteristic and the most familiar 
form xmder which the Discophore presents itself to us ; and I 
shall at once attempt to sketch the leading features of its 
structure in plain as distinguished from technical language, 
merely premising that in a large proportion of cases it is not 
to be regarded as in itself a perfect animal, but only as one 
term of a life-series, which cannot be rightly interpreted alone. 

The feature which is most prominent and at once arrests 
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attention is the ample gelatinous disc, the mass of “bluhl)er,'’ 
as it appears when cast upon the sands — the contractile hell, or 
swimming-organ, of more or less transparency and most grace- 
ful proportions, by whose rhythmical movement the living 
Medusa is propelled tlirough the water. This is both the loco- 
motive organ and the float on which are suspended the various 
organs of prehension and digestion. It varies in form, though 
scarcely in grace, but is commonly a glassy hemisphere with 
lobed or sinuated margin, from which in many cases depend 
a multitude of fringe-like filaments, or a smaller number of 
long extensile arms (vide Plate LXX. fig. 10). These tentacular 
appendages are sensitive feelers, cast about in all directions in 
quest of prey, and also fishing-lines by means of which it is 
arrested and dragged towards the mouth. In some species 
they are present in enormous numbers, and are capable of ex- 
trordinary elongation. The gigantic Cyancea arctica, which 
sometimes attains a diameter of 7^ feet, has these organs dis- 
posed in eight bunches round the margin of its disc — tangled 
massesof interlacing threads,in constant motion, which can be ex- 
tended to a length of more than 1 20 feet ! * When it is remem- 
bered that this formidable offensive apparatus is endowed with 
the power of stinging violently, that these extensile filaments, 
which can be shot out to such amazing distances, are poison- 
ous and paralyse as well as grasp, we may form some idea of 
the terrors that wait upon this floating mass of jelly. 

Round the margin of the disc are ranged certain organs of 
vision, which may be regarded as the equivalent of the eye in 
more highly organised beings (Plate LXX. fig. 9a). Each of 
them consists of a spherical cluster of lenses, borne on a peduncle, 
and usually more or less protected by a hood-like covering. 
Professor H. J. Clark, who has carefully studied the intimate 
structure of these bodies — who has actually taken out the minute 
lenses and turned them about, so as to trace the curvature of 
the face — is of opinion that we have in them “ all the elements 
of an optical apparatus suflicient to produce a distinct image.” 
At any rate, there can be little doubt that they are light- 
perceiving organs, and serve in some way or other to direct the 
creature in its coiuae. Agassiz remarks that “ there can be no 
doubt that these animals perceive what is going on about them, 
and that they are very sensitive to changes in the condition of 

the atmosphere Even accidental disturbances are perceived 

by them, for when approached, however careftilly, the change 
of their course, or the vmusual rapidity with which they sink, 
show plainly that they are making the utmost efforts to escape. 
.... When approached with a di|>-net it is evident, from the 

• A. Agaanz, in bU “ Catalogue of Nortb-.Vmerican Meduste.” 
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acceleration of their movements, that they are attempting to 
escape.” 

From the centre of the lower or concave surface of the disc — 
the top of the domed cavity — is suspended the digestive sac, a 
somewhat four-sided, proboscis-like body, terminating in a 
quadrangular mouth, which we readily recognise as a polypite, 
in spite of its disguise in the adaptive dress that fits it for a 
locomotive existence. The angles of this mouth are extended 
into lobate processes, often of very considerable length (Plate 
LXX. fig. 10), which are himg with fringes and furbelows, and 
form a striking feature of the organism, projecting as they often 
do far beyond the opening of the swimming-bell. These ap- 
pendages, which have been styled the “ grasping arms,” assist in 
securing the prey and conveying it to the mouth. They also in 
some cases subserve another and very different purpose ; within 
their ample folds, marsupial pouches are, as it were, extempo- 
rised, in which the ova pass through certain stages of their 
development, and ripen into the perfect embryo. At its upper 
extremity the pendent digestive sac opens into a somewhat 
extensive cavity, from which a certain number of tubular pro- 
longations are given off, which penetrate the substance of the 
disc, and, after dividing, and in some cases sub-dividing, and 
anastomosing, so as to form a complicated vascular network, 
terminate in a circular canal that runs round the disc a little 
within the margin. Through these tubular offshoots of the 
stomach, radiating through the inferior stratum of the swim- 
ming-bell, its contents are at once distributed, and applied to 
the nutrition of the whole structure. They compare with the 
central channel, traversing all the ramifications of the common 
flesh in the plant-like zoophyte, and communicating directly 
with the stomachs of its multitudinous hydr®, by which the 
prepared pabulum is conveyed throughout the length and 
breadth of its complex organism. 

In close connection with the central cavity, just described as 
surmounting the digestive sac, and also with the radiating tubes 
concerned in the circulation, are found certain pouches within 
which the ovary and spermary are lodged. These pouches open 
into the body-cavity, and the ova pass into it in due time, and 
find their way through the mouth to the marsupia prepared for 
their reception during the further stages of their development. 
The deeply-coloured reproductive organs show distinctly through 
the transparent disc, and give rise to the cruciform figure which 
adorns the summit. So much may sufiice in the way of struc- 
tiual detail. We have now the grand features of this organic 
type clearly before us.* It is less easy to describe the various 

• I have not referred to the partially developed membranous veil which 
in some species surrounds the margin of the disc, nor to the curious internal 
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beauty of form ; to give an idea of tlie exquisite motion of the 
bell, pulsating with rhythmical regularity, and, by its alternate 
contraction and expansion, driving itself gently through the 
water ; or of its equally exquisite rest, as it floats, balloon-like, 
upon the tranquil surface ; to trace the curves of the flexile 
tentacles, or to paint the delicate but vivid hues writh 
which the glass-like fabric is tinted. Let us hear M. Lesson, 
who, whatever may be his merits as a classifier, manifests the 
true enthusiasm and sensibility of a naturalist in writing of his 
favourite tribe : — “ II est peu d’animaux plus varies et plus 
interessants a connaitre que les acalephes. ... Ils rivahsent 
avec les fleurs par I’eclat de leur coloration. Souvent les gemmes 
ne scintillent point avec plus d’eclat que certains d’entre eux. 

. . . Vaguant solitaires ou par essaims de myriades d’indi- 
vidus sur la surface des mers par le temps de calme, caches 
lors des orages ou lorsque les vagues so heurtent ; et, cherchant 
un refuge dans les couches d’eau plus paisibles, ils viennent 
pendant la serenite des units emailler le bleu azure de la mer 
par line phosphorescence vive et merveilleuse.’ * 

The distinguished naturalist, who, under the pseudonym of 
Alfred Fredol, has given us so charming an account of “ Le 
Monde de la Mer,” thus refers to the coloration of the Medusa? : 
“ Sometimes the animal is colourless and of a transparency 
almost equal to that of crystal ; sometimes it is slightly opaline, 
of a delicate blue, or a pale rose colour. In some cases it pre- 
sents the most vivid tints and the most brilhant iridescence. 
In certain species, the central portions only are tinted red or 
yellow, blue or violet ; the rest of the body is without colour.” 
These are suggestions of a beauty which really cannot be de- 
scribed ; for, after all, it is colour sufiusing the most exquisitely 
delicate tissues, and in association with perfect grace of form 
and motion that constitutes the charm of these ocean-wanderers. 

A word on the luminosity of the Medusae. The Discapltora 
are by no means principal agents in producing the phenomena 
of phosphorescence. Certain kinds only are luminous in any 
high degree, and though the large and brilliant ball is a strik- 
ing feature in the general illumination, it must yield to the 
myriads of Noctiluccc and other minute beings which enamel 
the surface of the ocean “ like little constellations fallen from 
the skies,” or cover the dark waves with soft yellow light, and 

tentacles (?) which are grouped about the generative pouches, and constitute 
a distinctive characteristic of the Discophora, because my object is to fix 
attention upon the obvtmts peculiarities of the tribe, rather than upon structural 
minutiae, however important. 

• “ Ilistoire naturoUo des Zoophytes. Acalephes, par Rend-Primovere 
Lesson.” 



Digitized by Google 




THE DISCOPHOKES, OB LABGB MEDUSA. 



123 



change the very foam into “sparkles of sea-fire.”* The Me- 
dusa represented in our plate {Pelagia cyandla) is eminently 
phosphorescent. We owe some of the best observations wo 
possess on the subject to Spallanzani, who had the opportunity 
of studying a luminous species of Discophore on the coast of 
Sicily, and has given us in his “ Travels ” an interesting 
account of the results which he obtained. He foimd that the ' 
light was intermittent, sometimes continuing for a quarter of 
an hour, half an hour, or more, and then being suddenly ex- 
tinguished, and not reappearing for a considerable interval. 
He was led to believe that the phosphorescence was manifested 
strongly only so long as the Medusa oscillated uninterruptedly, 
and faded when it passed into a state of rest. He also ascer- 
tained that the light was more vivid during the contraction 
than during the expansion of the disc, and that the principal 
seat of it was the edge of the swimming-bell and the large 
tentacles. This localisation of the phosphorescence has been 
noticed in many of the hydroid medusiform zooids. In one 
species the light kindles in the central proboscis alone, and re- 
sembles a little lamp suspended in a crystal globe. Amongst 
the fixed polypites the phosphorescence is fitful in its mani- 
festations ; they kindle their lights when irritated, and quench 
them when left to themselves. Of the mode in which the 
luminosity is produced, and its precise relation to the economy 
of the animal, we know little or nothing. 

The development of the Discophore is the next point which 
claims our attention; and though the remarkable series of 
facts first brought to light by the independent researches of Sars 
and Dalyell has become so familiar as to have lost much of 
its marvellous hue, the real interest of it is still fresh as ever ; it 
still reads like a romance to the uninitiated, while the naturalist 
has, perhaps, hardly fathomed its full significance. As I have 
mentioned, there is some variation in the course of develop- 
ment. I propose to follow the line which may be regarded as 
normal and characteristic of the tribe, and in doing so to take 
special note of the parallelism between the history of the Dis- 
cophore and of the Hydroid, and also of the points of divergence. 

The Medusa, then, as we have seen it, is fully equipped for 
the discharge of the reproductive function ; and at the proper 
season the laden ovaries yield up their contents, and the 
embryos make their way from the generative chamber through 
the digestive cavity and its oral opening, and lodge themselves 
(how it is hard to say) amongst the ample folds of the tenta- 

* The phrase is Nathaniel Hawthorne’s, who had the keenest eye for all the 
aspects of nature, and who thus describes the phosphorescence, which ho 
h^ witnessed from the deck of a steamer off the American coast. 
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cular fringes. There they complete their development, and 
finally leave the parental shelter, as ciliated, free-swimming 
planul®. (Plate LXX. fig. 1, the ovum; fig. 2, the evibryo.) 
In this condition they bear an exact resemblance to the cor- 
responding term of the Hydroid life-series. They appear as 
cylindrical bodies, thickly clothed with vibratile cilia, and 
furnished with a mouth at one extremity. After a terra of free 
existence the planule selects a site for permanent settlement,* 
and, having made a suitable choice, fixes itself by the pole of 
the body opposite to that which bears the mouth, and ex- 
changes its roving habit for a purely vegetative life (Plate 
I.XX. fig. 3). Its shape and proportions have altered ; it is now 
narrowed below, and expands above ; the ciliary appendages 
are still retained for a time, but they have lost their activity, 
while around the extreme basal portion of the body, a very 
delicate film of chitine is in some cases soon developed (Plate 
LXX. fig. 3a). The presence of this homy sheath, which, ac- 
cording to Agassiz, is only characteristic of some species, is a 
very interesting point, as another feature common to the 
Discophores and the plant-like Hydroids. As development 
proceeds the body lengthens, the cilia totally disappear, the 
upper portion becomes broad and somewhat cup-shaped, and 
from its margin bud a number of thread-like arms, while in 
the midst of them rises a quadrangular proboscis, bearing the 
mouth on its summit. The product of the Medusan egg now 
appears as a well-developed polypite, the equivalent of the 
primary zooid of the Hydroid colony (Plate LXX. fig. 4). Yet 
with all the similarity between them, there is an element of 
unlikeness too. The rather deep, cup-shaped disc surrounding 
the prominent proboscis of the Discophore suggests the swim- 
ming-bell of the Medusa, and we feel that if it were turned 
adrift, to float on the water, with the mouth downwards, it 
would bear no slight family resemblance to its parent.t In 
a word, the polypite of the Discophora has more of a SIcdusan 
look than that of the Hydroids. 

To pursue the history, the polypite multiplies the number 
of its arms until they become a goodly company, corresponding 
with the voracious appetite which it is their office to satisfy ; 
they are very extensile, and when much elongated are like 
threads of gossamer waving through the water. The mouth is 

• This process of selection, often conducted with much apparent fasti- 
diousness, may be witnessed in the case of the embryos of fixed animals 
generally. 

t It must be remembered that some of the hydroid polypites have the 
tentacles coimected by a web-like membrane, plainly indicating the way 
in which the structural elements are modified, so os to convert the fixed 
hydra into the free medusan or sexual zooid. 
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3 striking feature of the organism ; it is kept in frequent mo- 
tion, as if on the watch for prey, and is often throwm wide open, 
so that every recess of the capacious stomach hecomes visible. 
The polypite is very protean in shape, and never long the same. 
.As it feeds and attains its full proportions, its vegetative 
powers begin to manifest themselves; young sprout from 
various parts of the body, as in the Hydra, and several gene- 
rations are at times organically united ; long, thread-like 
shoots are also cast out, from which new polypites are deve- 
loped, and soon the primary zooid is the centre of an extensive 
colony that has literally grown out of its own substance. 

But as the seasons change it enters upton a new phase of its 
being; the production of polypites like itself ceases, and a 
new developmental process sets in. The body, which is now 
large and cylindrical, begins to divide across ; first a constric- 
tion a little below the tentacles, then another a little below 
this (Plate LXX. fig. 5), then another, and so on till the whole 
is partitioned into transverse segments, with the exception of 
a small portion of the base. The constrictions deepen ; each 
segment becomes more and more independent, while its margin 
is cut into prominent, sinuated lobes, which show like 
fiills on the surface of the now disintegrated body. In this 
state the structure presents the appearance of a pile of circular 
discs ; or we may compare it, with Agassiz, “ to a string of lilac- 
blossoms, such as the children make for necklaces in the spring.” 
But the polypite is not to lose its identity. Immediately 
below the lowest segment a new circle of tentacles is developed 
(Plate LXX. fig. 6a:) ; about the same time the original set at 
the top is absorbed and disappears ; * the segments, now con- 
nected by the slightest link, begin to manifest independent 
vitality, and exhibit the contractile movements so charac- 
teristic of the Medusae. After a term of vigorous struggles the 
uppermost frees itself from its connection with the polypite, 
and the rest soon follow. The basal portion, with its new wreath 
of arms, survives. The detached segments, reversing their 
position in the water, present the pulsating disc of the Medusa, 
with its lobed margin and circle of eyes, and take to the cus- 
toms of free oceanic life (Plate LXX. figs. 8 and 9). Let us 
pause for a moment to consider the significance of this course 
of development. The polypite of the Discophore, after multi- 
plying itself indefinitely by gemmation, proceeds to fulfil its 
most important function in maturing certain highly specialised 
reproductive buds, which it casts loose at a certain point of 
their development, to lead an independent life and prepare 
and distribute the seed of new generations. We have a parallel 

• Vim Bencden's “ Polypes,” pp. 80, 81. 
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series of facts in the history of the Hydroid. The difference 
lies simply in the mode of gemmation. The hydroid Medusa 
buds from the side of the polypite, or of a special zooid, or of 
some portion of the common flesh ; the Medusa of the Disco- 
phore is a bud formed by the transverse division of the body 
of the polypite. And it may be remarked that this vwde of 
budding is not altogether unknown amongst the Hydroids, for 
the Hydra has been obser\ed to multiply by transverse fission. 
The marvel of the staid polypite resolving itself into a com- 
pany of mercurial jelly-fishes disappears; like the plant, it 
has only put forth its flower-buds, with the difference that they 
open into full bloom and mature their seed apart from the 
parent organism. 

I shall now sum up briefly the chief points of difference 
between the two Orders. Amongst the Discophores, the free 
lucomotive element predominates ; the fixed plant-like element 
amongst the Hydroids. The polypite of the former makes 
a nearer approach to the medusan form than that of the latter. 
The sexual zooids {Medusai) of the Discophores possess solid and 
massive discs, with lobed margins and pedunculated eyes often 
protected by hood-like coverings, and a complex anastomosing 
system of vessels ; the opening is rarely provided with a veil, 
and, when present, it is very slightly developed ; the tentacular 
appendages of the mouth attain an extraordinary size, and the 
reproductive organs are lodged in distinct chambers, commu- 
nicating by a definite orifice with the cavity of the body, 
through which the embryos make their escape. On the other 
hand, the free sexual members of the Hydroid colony are 
comparatively small, and have fragile and filmy bells, pro- 
vided with an ample veil ; the vessels are generally simple ; the 
eyes sessile, unprotected, and of a humbler type ; the fur- 
l)elowed oral appendages are wanting ; and the generative 
products are lodged between the outer and inner wall of the 
digestive sac or of the radiating vessels, and are hberated by 
the rupture of the parts. And, lastly, the mode in wliich the 
medusiform bodies originate and develop themselves differs 
in the two divisions. Many of these distinctions have little 
special significance ; and though there may be enough amongst 
them to justify us in separating the two groups in our classifi- 
cation, it must be remembered that the affinities are of the 
closest and most intimate kind. 

To resume our history. The polypite having dismissed its 
brood lives on. Thanks to its voracious appetite, it soon 
repairs the waste of its substance, and in the following spring 
may, so to speak, bud and blossom again. The young Medusaj, 
which are liberated in a very immatiwe couditi in, pass rapidly 
through the further stages of their development ; so rapidly 
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that in the course of a short season the minute slice of the 
polypite has attained the extraordinary size and complexity of 
the gigantic Cyancea, before referred to. All their energies 
are devoted to the nutrition, protection, and dispersion of tlie 
embryos ; and having accomplished this work, they probably 
fade and perish. They share the beauty, and the frailty and 
transiency of the flower. 

I shall now gather together some interesting particulars of 
their habits and mode of life. Bom in the spring, they swarm 
at this season in immense niunbers near the shore ; as tlie 
summer advances, and they increase in size, they seem to 
disperse themselves over the surface of the ocean, congregating 
again in aut umn for the purpose of spawning. In warm, 
serene weather they keep near the surface, and “ wander in 
the luxury of light ; ” in storms they sink to the safer 
depths. Their nmnbers are simply incalculable ; off om own 
coasts they may be seen in immense shoals. Sailing from 
Holyhead on a fine evening, I have seen the water of the 
harbour so densely packed with them that the steamer almost 
seemed to be cleaving its way through a solid mass. The works 
of voyagers and travellers are full of marvellous accoimts of 
the crowds of Medusae which they have encountered. Lesson 
tells us that oflf the coast of Peru he met with milhons of 
individuals of a certain species, pressing closely one against the 
other as they moved along, and all having the disc directed 
towards the north ; the sea was perfectly calm. Dr. Colling- 
wood describes a shoal in the Atlantic. “Just before sunset,” 
he writes, “ we passed through them for a space of two hours, 
during which time we had traversed ten miles. It was easy to 
calculate roughly that there could not be less than thirty 
millions of individuals constituting the shoal — an estimate 
probably far below the mark.” We shall hardly be surprised at 
their numbers, if we bear in mind the facts of their history. 
Each polypite, by budding, multiplies itself to an amazing 
extent, and so provides a large family, each one of which will 
in due time produce its complement of Medusse ; and, further, 
each one of the second generation multiplies in the same way, 
and each one of many successive generations, before the 
development of the Medusa-brood sets in. And of this vast 
company, the ultimate product of a single zooid, each one that 
survives may originate a dozen Medusae or more. Of such 
myriads no census can be taken. 

In autumn the Medusan tribes return from their oceanic 
wanderings, and congregate near the shore. Massed together 
in enormous shoals they discharge the embryos, which it has 
been their function to mature, in the neighbourhood of the 
littoral region in which they are to find a home. Agassiz has 
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witnessed a shoal in the act of spawning. “ Myriads of speci- 
mens had clustered together so elosely that they formed an 
unbroken mass. . . . They were in such a deep plialanx that 
it was impossible to ascertain how far below the surface they 
extended, while those in the uppermost layer were partially 
forced out of the water by those below.” 

At this time their energies begin to fail ; the animal flowers 
begin to fade, and the autumnal gales strew them on the 
beach. Their work is accomplished ; but the cycle of new life 
and development which they have originated is already pro- 
ceeding in the neighbouring waters. 

One or two curious peculiarities of habit may be noted. 
A species has been observed which is nocturnal in its habits : 
rarely seen by day, it swarms by night at the bottom of the 
sea, and is recognised by its phosphorescent light as it moves 
rapidly about. Another {Polyclonia fi'ondosa) has been ob- 
served by Agassiz on the Florida reef, “ groping in the coral 
mud at the bottom of the water, where thousands upon thou- 
sands may be seen crowded together. . . . They crawl about 
like creeping animals, now and then only flapping their 
umbrella.” This custom, so different from the usual habit of 
the Medusae, may connect itself with a peculiarity in the 
structure of the mouth and oral appendages, and the absence of 
the long marginal fishing-lines which characterise the section 
of the Order to which the species belongs {Rkizoatomeoi). 
Other naturalists report that they have seen Medusae lying at 
the bottom of the sea, with the arms turned upwards, expanded 
like a flower. This, we may suppose, is their mode of resting. 

The Discophores afford some curious instances of “ commen- 
salism,” that is, the association of two animals for the benefit of 
one or both of them. Van Beneden mentions a Aledusa which 
has a small fish as a permanent lodger within its body. The 
fish sails out and returns at pleasure, but finds its home with 
the Discophore. The fishermen off the coast of Jutland have 
long observed that a quantity of young fishes are always found 
beneath the disc of a large Cyancea, and sheltering amongst 
its long tentacles ; they only abandon their retreat when strong 
and swift enough to protect themselves. Another Medusa 
{Pelagia) is accompanied by a tribe of small fishes — sometimes 
as many as twenty or thirty — which swim about in the fringes 
of the oral appendages, finding there both safety from enemies 
and food. Dr. Collingwood found a small crab residing within 
the disc of a Medusa, where no doubt he had not only free 
lodgings, but a share of the crumbs that fell from his host’s 
table. M. Quoy and Gaimard observed a pteropod or winged 
mollusc living amongst the long tentacles of a Cyancea off the 
coast of New Holland. A crowd of small crabs and fishes had 
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also found a refuge in the tangle of interlacing threads. 
Commensalism, which is comparatively a new subject, would 
seem to have a wide range in the animal kingdom. 

A few words may suffice for the economic uses of the 
Discophores, which seem to be of the smallest. The old 
doctors found healing virtues in them, and used them as 
medicines, with probably as much success as many of their 
drugs. They have been carted as manure, in ignorance of the 
fact that the solid matter of a jelly-fish weighing many pounds 
is represented, when the water is evaporated, by a few grains 
of film. Somebody has undertaken to extract ammonia from 
them ; and Mr. Arthur Adams has seen the Chinese “ cut off 
huge slices of the firm translucent jelly” of a stranded 
Cyanaa as a relish for the evening meal. 

Their best use, after all, is that to which the philosophic 
naturalist puts them.* 



DESCRIPTION OF PLATE LXX. 

Fio. 1. The ovum of the Discophore, with vesicle and spot. 

„ 2. The planula or embryo. 

, „ 3. The embryo attached — the cilia still remaining; a, the horny 
sheath. 

„ 4. The polypite. 

„ 6. A polypite dividing transversely. 

„ 6. The same, showing the segments in a more advanced condition, 

and already exhibiting a medusan form ; x, the new wreath of 
tentacles. 

„ 7. The polypite bearing a single Medusa-bud ; the rest of the pile 
having become free. 

„ 8. The young Medusa shortly after detachment. 

,, 0. The same, showing the lobes and eyes. 

„ 10. Pelagia cganella (P^ron and Lesueur), adult. This Medusa is 
produced directly from the egg without the intervention of a 
polypite stage. 

Figs. 6 and 8 are after Van Beneden ; the rest are after Agassiz. 



* No space is left me for the aberrant group of LucemariiAt, which are 
Jixed Medutte, producing their like without the intervention of a polypite. 
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THE ISSUES OF THE LATE ECLIPSE. 

Bt J. carpenter, F.R.A.S., 

Of the Royal Obsebvatort, Gbeenwich. 



T he eclipse expeditions of December last dififered remarkably 
from others that had preceded them. They differed 
favourably as regards the elaborate character of the means and 
schemes of observation, and very unfavourably as regards the 
success of the observers’ intentions. Upon the occasion of the 
first eclipse expedition, that of 1851, every observer went upon 
liis own account to see what he could, without foreknowledge 
of what he would see, and without ideas upon the ultimate 
bearing of any observations he might have the good fortune to 
make. How successful the expeditionists were in viewing the 
phenomena may be judged from the fact that nearly a score of 
accounts of" observations were given in the “ Astronomische 
Nachrichten,” from astronomers of repute located along the 
line of totality (which crossed Sweden and Norway), while as 
many more were included in a special volume of the “ Transac- 
tions of the Royal Astronomical Society.” In the second expe- 
dition — that for obsen'ation of the eclipse of July 18, 1860 — 
there w£is again a general vagueness of intentions : everyone 
was to observe what he could for himself ; what little organisa- 
tion was called for was discussed on board the Himalaya on 
her way to Spain. And how fortimate the observers were on 
this occasion is known to those who have had to refer to eclipse 
literatmre, and who have found records of bewildering extent 
of the observations made on that propitious day. How diffe- 
rently matters stood in relation to the last eclipse ! There was 
but one subject of inquiry — the constitution of the corona. 
There were distinct points by which the question was to be 
attacked, and every observer had allotted to him a dehnite 
part of a well-considered scheme of observations. Instead of 
one man aiming to explain the whole phenomena of an eclipse 
by himself, as on previous occasions, every man was entrusted 
\vith one link in the chain of inquiry. The gazer • was to 
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sketch, the polariser was to study points precisely indicated, 
the spectroscopist the same, and the photographer was to expose 
his plates so as to seize upon critical apptearances. These were 
the duties of principals ; subordinate labours were as definitely 
arranged. Never before had there been so extensive and de- 
terminate an organisation ; and it is quite conceivable that, 
had the weather favomed the observers, the one outstanding 
enigma of eclipse phenomena would have been so nearly solved 
that future eclipses would have possessed little interest for 
astronomers — a measure of success the desirability of which may 
perhaps be questioned. 

But this was not to be. Ill fortune met the observers at 
every turn. Deaf ears were turned to their prayers for Govern- 
ment aid. ; delays were forced upon them ; one party was ship- 
wrecked, and another nearly so ; one detachment, of which 
the present writer was a member, had their observing tents 
and telescopes blown down by a gale, and their most valuable 
instruments saved from utter ruin as it were by a miracle ; and, 
worst of all, the heavens frowned upon most of the expeditionists 
on the eventful day. And it is a curious, though an insignifi- 
cant circumstance, that the weather misfortunes which befell 
the English observers scarcely affected their American confede- 
rates. But the few French and German astronomers who 
attempted observations were all unsuccessful. M. Janssen 
indeed deserves a martyr’s fame. He escaped from Paris in a 
balloon, taking with him a silvered glass reflector of 13 
inches aperture, and a small spectroscope, and landed at Savemay, 
whence he pushed on to Oran, arriving there some ten days 
before the eclipse and living like a hermit the while at his 
observing station, nine miles from the town, in a desolate and 
uncomfortable barrack : and all to no effect. 

The distribution of observing parties along the line of 
totality and their measures of success were as follows : — 



Ijf Spain. 

At Cadiz Lord Lindsay’s party .... successful 
San Antonio ex^dition detachment (underl 

( the Rev. S. J. Perry) . . j 

American party (under Professor Winlock) successful 

I English expedition detachments ('“der 
\ Captain rarsons) . . . | 

In Africa. 

/English expedition detachment (under' 

At Oran •] Ur. Huggins). French observers, Jans- no success 

\ sen and Bulard ..... 

Tunis Vienna observers (Drs. Weiss and Oppolzer) no success 



Xeres 

Gibraltar 

Estepona 
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Lf SlCIlT. 

_ (Italian commission (Professor Denzal . , 

AtTerranova | .... | Partial success 

,, , ... (American observers (Professor Watson) 

Carlentmi | ^tteis) . . . . 

( American observers (Professors Hark-) . , 

ness and Eastman) . . . f paHuil success 

English expedition detachment (Mr. j 

Brothers) ) 

ritalian Commission (Padre Secchi andj 

Augusta j English detachment (under Professor success 

L W. G. Adams) . ... j 

Villamonda English detachment (under Mr. Banyard) successful 

Catania English detachment (under Mr. Lockyer) no success 

(English detachment (under Professor) 

Etna 1 v; . ' (no success 

( Ivoecoe) J 



Syracuse 



Augusta 



Catania 



j. partial i 



( no success 



In this tabulation the ill fortunes of the English observers 
are plainly apparent. Yet so far as securing observations is 
concerned there has been a good deal of success, and in the end 
it matters little who achieved it. How far the observations 
will go in settling the questions at issue we shall presently 
endeavour to examine. 

But, in the meantime, let us remember that a solar eclipse is 
an occasion for observations other than those relating to the 
sun’s constitution and surroundings. When the moon passes 
between us and the sim, and appears as a black body on his 
disc, an opportunity is offered of making a determination of 
the moon’s place at a critical part of her orbit. Ordinarily we 
cannot see the moon for a day or two on either side of conjunc- 
tion, and the observations which are desirable for determining 
the errors of her predicted positions at such times are there- 
fore wanting. The continuity of the watch which is kept upon 
the moon’s intricate motions at a great observatory — Greenwich, 
for instance — is broken at this period of every lunation, except 
when an eclipse is visible from the observatory, and then the 
black moon can be observed upon the sun just as the bright 
moon is observed upon the sky. In less accurate times than 
the present this observation was simply made by noting the 
instants of beginning and ending of the eclipse ; but there is 
80 much uncertainty, depending chiefly upon the dimensions 
of the instruments employed, in noting these instants, that the 
data thus procured are rarely made use of.* Occasionally an old 

• Amateuis often betray great anxiety to secure the accurate times of 
first and last contacts in observing solar eclipses (the late eclipse offered 
abundant instances). Under the best of circumstances those times are of 
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eclipse observation is available for fixing the moon's approxi- 
mate place in the absence of better material, such as meridian 
determinations. An instance of such application presented 
itself a few months since, when Professor Newcomb, wishing to 
ascertain how, within wide limits of error, the present lunar 
tables represented the moon’s place a century and a half ago, 
resorted to the contacts in the eclipse of 1715 observed by 
Hamsteed, Halley, and Pound. Such rough observations would 
be of little avail now. 

In order to extract useful data from the passage of the moon 
over the sun, the Astronomer Royal some years since devised a 
plan of measuring the cusps in their changing positions through- 
out an eclipse in such a manner as to bring out the errors of 
all the numerical elements concerned in the prediction of the 
phenomenon, the most important of which are the co-ordinates 
of the moon’s position. This method was first put in operation 
in 1836, and again, with great instrumental power, during the 
eclipse of July 18, 1860, when the deduced errors of the 
“ tabular places ” — as the places predicted by calculation are 
called — were found to agree closely with those exhibited by 
observations of the moon which were procurable in the ordinary 
manner near to the time of conjunction, though there is neces- 
sarily a small incomparability from the virtual diflference be- 
tween the black moon on the bright sun, and the bright moon 
on the black sky ; the effects of irradiation being reversed in 
the two conditions. These observations were repeated at 
Greenwich during the eclipse under notice, and with a similar 
resulting agreement between the obser\’ed and calculated data. 

It will be obvious that they do not require the eclipse to be 
total at the place of obsers-ation. One distinguished mathe- 
matical astronomer, however, Professor Newcomb, who is under- 
stood to be engaged upon the construction of new tables of the 
moon’s motions, thought it desirable to make the cusp-measures 
directly upon the line of totality, and he came from the United 
States for the sole purpose of so making them. He stationed 
himself at Gibraltar, and saw enough of the eclipse in its partial 
stages (the total phase had no scientific interest for him) to 
secure what observations he desired. But he was baulked in 
another way. His measurements would be of no use without 
a very exact knowledge of the longitude of his station from a 
fixed obser\'atory, or from Greenwich ; without this, an essential 
datum, the astronomical time at which each was taken could 
not be obtained. Preparations of somewhat elaborate character 
were made to determine this longitude by the method of 

little value ; and they are quite useless where the longitude of the ob- 
H-rving station is not very exactly hnown, as is often the case. 

VOL. X. — NO. XXXIX. L 
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exchanging accurate time-signals by electric telegraph : Green- 
wich was to give its time to Gibraltar, and Gibralt^ to return 
its time to Greenwich ; Gibraltar local time being accurately 
determined at Professor Newcomb’s temporary observatory. 
This exchange was to be made on several days before and after 
the eclipse through the medium of the Falmouth and Gibraltar 
cable, but, as may be remembered, the cable broke early in 
December, and it was not repaired till long after Professor 
Newcomb had left the Rock. His observations are consequently 
useless until another opportunity offers for effecting the longi- 
tude determination : then they can be made available. 

The eclipse has therefore been of some import to metrical 
astronomy. Let us now take a glance at the materials which 
have been gleaned from it towards a solution of the physical 
questions at issue at the time of its occurrence, and to which 
it was appealed to decide. Of the phenomena revealed when 
the moon hides the photosphere of the sun, the corona only 
remains enigmatical. Baily’s heads were long ago explained 
out of interest, and the red prominences now no longer need 
an eclipse to bring them under study. The object the most 
striking and the most anciently remarked • is still the most 
bewildering. At the time of the eclipse four modes of obser- 
vation were at hand to resolve the mystery of its nature. First, 
eye-sketches, with or without telescopic aid, to decide whether 
the corona is similarly depicted by observers near together and 
far apart. .Second, photographic pictures, which would give 
the aspect of the corona free from personality (though they 
may include subjective appearances of photo-chemical cha- 
racter). Third, spectroscopy, to determine the gaseous or 
incandescent solid condition of the original source of the 
coronal light, h’ourth, polariscopy, which it was hoped would 
show whether that source is in the corona itself or apart from 

* Dr. Schmidt, of Athens, calls attention to the following account of an 
eclipse seen at Corfu in a.d. 008, in which the corona is very clearly de- 
scribed : — “ Leon, the deacon, reports thus concerning the eclipse. ‘ Tho 
appearance of the eclipse was of this nature : December was carrying on its 
22nd day, and in the fourth hour of the day, the sky being clear, darkness 
covered the earth, and the brightest stars appeared ; and it was possible to see 
the disc of the sun obscure and without brightness, but with a certain radiance, 
faint and pale, in the manner of a tine band shining in a circle round the 
disc along its outer edge : and the sun, overlapping the moon a little (for 
she appeared directly intercepting him), sent out its own rays and filled the 
earth with light’” The date curiously coincides with that of tho last 
eclipse, though it is Old] Style reckoning. The appearance of the stars 
seems to prove that the eclipse was total : it is marked so in the reliable 
list of Eclipses given in the Art tie Virijkr let Dates ties Fails Jlistoriques. 
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it ; in other words, whether the coronal glow shines by its own 
or by reflected light. 

We will briefly review the results obtained by each of these 
methods. And, first, with regard to the eye-sketches. 

A fair number of these, all made, however, at the Spanish 
end of the shadow-path, have come under om notice, some by 
artists of pretension, others by draughtsmen of no pretension : 
and very different are the impressions which these various draw- 
ings convey. Clearly, the corona has made greatly varying images 
upon retinae of diSercnt eyes, or, what is perhaps more likely, 
the draughtsmen have considerably varied in their powers of 
conveying their impressions to paper.* Some drawings show 
a tolerably uniform circle of light, fading equably into the 
surrounding darkness. Such pictures admit of little inference 
being drawn from them. Others, on the contrary, esihibit 
definite points of structure, and where these are apparent in 
depictions of different observers, we can scarcely doubt the 
reality of their existence. The tendency of the corona to a 
roughly quadrangular contour is one feature thus certified ; 
the existence of a definite zone of bright light (which observers 
of previous eclipses have noted) is another ; and it has been 
suggested that this be named the leucosphere. But perhaps 
the most remarkable appearance is that of a V"sbaped rift in 
the south-eastern part of the broad coronal haze ; and as this is 
exhibited in several of the drawings, there can be no doubt 
about its real existence in the corona itself. Another notable 
feature is presented in three drawings, made by an American 
observer in Spain, one at the beginning of totality, another in 
the middle, and a third near the end of totality. In the first 
of these we see the greatest width of coronal light on the ad- 
vancing side of the moon ; in the second an equal width all 
around the moon ; and in the third an excess on the following 
side of the moon ; the whole series suggesting that the moon 
acted like a moving shutter intercepting the back-light first 

* It is probable that much difference may arise from the mere materials 
of drawing and the fitness of these for the subject. To reproduce a hazy 
object like the corona, the worst thing to commence with is a sheet of white 
paper, even if it has a black disc printed upon it to represent the moon. 
Upon such a tablet great difficulty will arise in working the black sky with 
the requisite softness around the outer indefinite boundary of the hazy circle, 
especially if structural details have at the same time to be exhibited. It is 
in struggling against this difficulty with diverse materials — pencil, chalk, 
water-colour — that such strangely disrimilar eflfects are produced. The best 
basis for reproducing the corona rapidly and effectively would be a sheet of 
dark grey paper, with a black circle for the moon’s disc ; and the drawing 
material should be white chalk, which, upon the grey ground, will produce 
the desired effects at once with any degree of softness or decision. 

L 2 
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on one side, then on the other, from some reflective matter in 
front of the shutter. This is the primd facie idea con- 
veyed ; it is not to be taken as a proffered explanation of the 
appearance, though it agrees with Oudemans’ theory of the 
coronal beams. Such a transfer of coronal light from one side 
of the black moon to the other has been depicted before, 
notably by Professor Plantamour, in his drawings of the 
eclipse of 1860, July 18, and it led the Astronomer Royal to 
suggest a cause with which Oudemans’ theory is in accordance. 

Of the photographs secured, three have been exhibited as. 




COTT or UR. BBOTBBBS’ TOTAUTT rEOTOOBAPR.* 

bearing upon the questions at issue — one taken by Lord 
Lindsay, in Spain, at the commencement of totality, which is 
remarkable as exhibiting an excess of corona on the advancing 
side of the moon, and therefore corroborating the American 
observer’s drawing above noticed ; a second obtained by the 
American party at Xeres, and a third secured by Mr. Brothers 
at Syracuse. Now, these two last-mentioned photographs are 

• From a woodcut lent by Messrs. Macmillan. The top represents the 
north. In Tiewinjr this picture regard must be had to the impossibility of 
reproducing in a woodcut the softness of a photograph. 
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the most important achievements of the whole eclipse opera- 
tions. The American one was taken with a six-inch object-glass 
corrected for actinic rays ; the Syracuse one with a photographic 
copying lens, four inches in diameter, of course mounted equa- 
torially. In the latter there is an extent of corona wider than 
any other photograph has shown, wider even than that in the 
corresponding American photograph. No doubt this extension is 
due to the smallness and consequent brightness of the image, for 
the exposure was only eight seconds, while the American plate 
was exposed a minute and a half.* Taken alone, ilr. Brothers’ 
picture is exceedingly valuable : upon one side, for about 120 
degrees of the moon’s circumference, it shows a spreading of 
the coronal light to two diameters of the moon ; in the south- 
east part there is the conspicuous rift alluded tc as shown by 
the drawings made in Spain ; and there are two other less con- 
spicuous rifts, one about 40 degrees (measured on the moon’s 
circumference) upwards towards the east of the great one, and 
the other about 60 degrees away to the south. The bright 
leucospbere is plainly indicated, and a tendency to streaming 
rays not perfectly radial is decidedly perceptible, even in an 
enlarged and therefore depreciated copy. But the great value 
of this picture comes out when it is magnified to equal size and 
compared with the American one taken at Xeres. Then it is 
seen that in the main features, especially the conspicuous rifts, 
the two are almost identical. Slight differences can be made 
out in the positions of some rather indefinitely-marked portions 
of the coronal boundary, but on the whole the agreement is 
wonderfully close. Now, when it is remembered that these 
pictures were taken at points on the earth’s surface 1,100 miles 
apart, and that one was taken in absolute time 45 minutes after 
the other, it is perfectly clear that so much of the corona as is 
common to the two photo^aphs is cosmical and not atmo- 
spheric. This is a great point established. And yet those self- 
drawn portraits of the corona open out wide fields for specula- 
tion. ^Vhat are we to infer from the wedge-shaped rifts? 
They seem to deny the possibility of the outer corona being 
anything like a cosmical cloud near to the moon, on either side, 
for in that case the moon’s motion should have affected them. 
If they were caused by the shadows of limar mountains cast 
upon a sul>-lunar mist, in accordance with Oudemans’ theory, 
the motion aforesaid ought to have modified them considerably 

* In the American picture there is some appearance of the outer coronal 
light having been cut off os by a diaphragm in the telescope. Structural 
details are reported to exist in the original negative, which, from causes 
that will be obvious to a photographer, are not reproduced in an enlarged 
copy auch as that which we have before us. 
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during the long exposure of the American negative, and the 
photographed eflFects of their alteration would have made that 
picture differ greatly from the one obtained by Mr. Brothers, 
which had a very brief exposure. And their appearance is in- 
compatible with the supposition of a cosmical cloud near to, 
though not connected with, the sun ; for in that case, why 
should the rifts maintain a nearly radial position ? And if we 
conceive the corona to be a solar envelope, we cannot regard 
the gaps as conical openings therein : they must be looked 
upon as valleys of great extent in the direction of our line of 
sight. They rather indicate vacant spaces between groups of 
radiant streamers of luminous or illuminated matter ; and this 
interpretation may well be put upon them by those who have 
been arguir." upon the analogy of the corona to terrestrial 
aurorce and its possible connection therewith — ^a fascinating 
subject upon which one would be disposed to dwell if the 
identity of the coronal with the auroral spectrum lines were 
less doubtfully established. 

The spectroscopic results from the eclipse are tolerably 
numerous. The chief point of interest in them is the ample 
verification of the existence of the green (iron ?) line corres- 
ponding to “ 1474” of Kirchoff ’s scale, not only in the spectrum 
of the leucosphere, but in the far outlying regions of the 
corona. Professor Harkness, at Syracuse, saw the line in all 
parts as far as Kf from the moon (or sun), and suspected two 
other green lines less refrangible. Mr. Burton, at Augusta, 
saw the line also. Professor Winlock, at Xeres, saw it every- 
where for 20', or two-thirds the solar diameter, aroimd the sun. 
Professor Young, also at Xeres, found it half a diameter off. 
Carpmael, at Estepona, saw three lines, one of which is 
doubtless the “ 1474 we may well infer the same of one of 
two lines seen by Professor Denza, in Sicily. And we can 
scarcely doubt that one of those seen by Captain Maclear at 
San Antonio was also the now famous line ; and if so it was, 
with others (c, n, and f), seen faintly on the moon's disc, thus 
clearly indicating reflection in our own atmosphere or in some 
medium between us and the moon. It is thus rendered almost 
certain that some of the distant coronal haze is reflected light, 
and this view is strengthened by the facts that Harkness saw a 
complete hydrogen spectrum when no prominence was near bis 
slit, and that Young saw the c-line far above any possible 
hydrogen atmosphere. 

Enough of observations have probably been secured to fix 
indubitably the position of the “1474” line. If more infor- 
mation is needed, it would be worth while to try if it can- 
not be procured from the moon. A spectator upon our satellite 
at sunrise would see the corona peep above his horizon some 
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time before the appearance of the actual limb of the sun, and 
at sunset he would see the corona linger after the sinking of 
the solar disc. The lunar surface must at sunrise and sunset 
be illuminated by a coronal twilight, which will be of consider- 
able duration on account of the moon’s slow rotation. It is 
therefore possible that if the faint light seen upon the moon’s 
terminator (the boundary zone of light and darkness) were 
analysed by the spectroscope it would reveal the coronal lines. 
At all events, the experiment would be worth trying, and there 
are abundant opportunities for it. The position of the “ 1474” 
line, with respect to lines of known substances, may thus be 
deliberately determined, and some more reliable evidence ob- 
tained to aid a judgment whether it belongs to a new element 
— as Professor Young has suggested, some occluded gas, perhaps 
standing in relation to the magnetic powers of iron of whose 
spectrum the line is apparently a part — or whether it may be 
due to iron in any uncommon form or condition. 

Reverting to the immediate results of the late eclipse, we 
remark that a faint continuous spectrum of the corona, without 
visible dark lines, was noted by several observers, among whom 
were Lieutenant Brown, Captmn Maclear, and Professor Win- 
lock, and that a highly interesting observation, not relating to 
the corona, however, was made by Professor Young. At the 
commencement of the totality he saw for an instant the whole 
of the Fraunhofer lines of the solar spectrum reversed, and the 
field of his spectroscope fiUed with bright lines. He must 
then have caught a glimpse of the stratum of burning elements 
that lays immediately above the photosphere — an observation 
made once, and once only, by Lockyer, without an eclipse. 

The polariscopic observations confirm those with the spectro- 
scope which indicate that a part of the coronal light is reflected, 
though they leave open the question whether that reflection 
occurs in or beyond our atmosphere. Professors Pickering and 
Langley are reported to have found that a considerable propor- 
tion of the light is polarised, and in a radial direction ; the 
first-named observer obtaining the same results with three 
forms of polariscope. Professor Blaserna, observing in Sicily, 
asserts that the corona was strongly polarised, the only doubt 
with him being as to whether the plane was radial to the sun 
or tangential. Mr. Ranyard, at Villamonda, made three ob- 
servations, two of which showed what was expected to be 
observed in the case of radial polarisation. Mr. Pierce, jun., 
arrived at a similar result, and so did Mr. Ladd. Mr. Samuel- 
son, observing not upon the corona but upon the sky, first, far 
on one side of the sim, and then far below it, found vertical 
polarisation. 

It would be difficult at the present time to define the precise 



Digitizea oy Google 




140 



• rorULAU SCIENCE HEVIEW. 



points upon which our knowledge of the sun and its surround- 
ings has been advanced by this particular eclipse. It has been 
rendered tolerably certain that there is around the sun a self- 
luminous shell (the leucosphere), extending upon an average a 
.sixth of his diameter beyond the hydrogen atmosphere, the 
principal constituent of which shell is that unascertained 
matter which gives the “ 1474” line ; and that although this shell 
is self-luminous, it yet reflects some light from the brilliant 
strata beneath it. In the second place, it appears probable 
that there is a great extension, irregular in character and with 
a tendency to radiality, of matter which has either self-lumi- 
nosity of the same kind as the leucosphere, though more feeble, 
or that has a special aptitude for reflecting leucospheric light. 
In the third place, it is pretty certain that there is a consider- 
able scattering of all light not intercepted by the moon in and 
by some medium on this side of that body — either our atmo- 
sphere or a cosmical haze. This is as much as can be safely 
said upon the strength of the evidence now before us. More 
may possibly bo inferred when a searching examination of the 
complete and detailed observations (which the Astronomer 
Royal has suggested should be made in connection with the 
undigested observations of the 1860 eclipse) is accomplished. 
It is much to be desired that this should be done before the 
time of the next eclipse — the 11th of the coming December — 
as it is not improbable that points of inquiry may be raised 
which that eclipse, from its peculiar circumstances, will afford 
special opportunities for deciding. The shadow will pass over 
the lofty Neilgherry Hills of India, and most valuable observa- 
tions, Ijearing upon the question of the corona’s atmospheric 
constituent, may be made at the exceptional elevations thus 
accessible.* The duration of totality there will be a few seconds 
over two minutes. In Northern Australia, however, where the 
shadow passes over Arnhem Land, the totality will last fom 
minutes, and we hear with satisfaction that one observer, il. 
Bulard, of the Algiers observatory, intends to station himself 
there, most probably with photographic apparatus. And we 
may well rely upon the energy of the Australian astronomers to 
make the most of the occasion. 

• Considering how the balloon has been pressed into scientific service, 
one cannot help wishing that a high balloon view of a total eclipse could be 
obtained ; but there is no chance of on opportunity for such a view soon 
occurring. 
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[PLATE LXXI.] 



A nyone who would write the history of grafting might 
readily fill a volume — a large one, and one as interesting 
as large. If he entered into technical details a great many 
volumes would be required. All that we have space to do here 
is to show that our forefathers were not ignorant of the 
practice, that the surgeons adopted it from the gardeners, that 
John Hunter made it the subject of experiment, and that in 
these days both surgeons and gardeners seem disposed to avail 
themselves yet more and more of the advantages it holds out. 
If we could induce any reader of a practical turn of mind, and 
a bent towards physiological enquiry, to turn his attention to 
the subject, we should be glad ; for although among gardeners 
especially great use is made of the grafting process, it is 
perfectly clear that a vast field remains yet for research — 
research, too, almost certain to yield profitable results alike 
to science and to practice. 

Though so largely practised by nurserymen, it is really doubt- 
ful if we know much more al>out the matter than did the 
“ Scriptores Rei Rusticae.” Columella knew how to bud roses ; 
he describes as many modes of grafting the vine as Beau 
Brummel had fashions for adjusting his necktie, while Virgil 
described the results with a neatness of expression that leaves 
only one regret — that the matter of his verse is less correct 
than the metre. It is the fashion to laugh at these old culti- 
vators, who could wield the pen with as great facility as the 
pruning-hook, because their ideas of what could be done by 
means of grafting do not coincide with our own ; but we should 
not be much s^^^prised if in the future it turned out that the 
statements we have been accustomed to ridicule contain, 
nevertheless, much more of truth than is admitted at present. 
We do not venture to look forward to the time when apples 
shall grow on plane-trees, or ashen boughs enwreath themselves 
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in a white mantle of pear-blossom,* or when hogs shall cnmcb 
acorns that have fallen from the overhanging elm. Possibly 
none of these things will come to pass, and yet others equally 
strange have happened, as we shall endeavour to show by and 
by, while much at least of what the old writers tell us is 
literally true. In himdreds of nurseries at this season pears 
are being grafted on quince stocks, apricots on plums, apples on 
crabs, so that Virgil’s statement, 

" Nec longum tempus et ingens 
Exiit ad coelum ramis felicibus arbos 
Miraturque novas frondes et non sua poma,” 

is as much a matter of fact as that if we commit a ripe seed to 
the ground under favourable conditions it will spring up in 
due season. 

Who first among surgeons adopted the grafting process we do 
not know. Tagliacozzi {Latine Taliacotius), who died in 1553, is 
the one most held in remembrance for his feats in requisitionings 
a portion of the skin of a bystander in order to supply the 
deficient organism of his patient. How this was done is told 
in language more expressive than polite by one Butler, and it 
may perhaps be said with justice that the “ learned Taliacotius ” 
owes his reputation among posterity more to the rhymes of 
Hudibras than to his own publications. John Hunter, who left 
very little unheeded as unworthy his attention, illustrated the 
grafting process by divers experiments, among which the most 
striking is perhaps the removal of the spur of a cock, and its 
successful implantation on to the comb. Hunter, too, practised a 
method of curing ulcers which has been revived within tlie last 
year or two by French surgeons, and carried out^with much 
success in several of our own hospitals. The operation simply 
consists in the removal of minute pieces of healthy skin, and in 
their transfer to the diseased surface. Under fitting con- 
ditions, and with due precautions, adhesion takes place, the 
ulcer heals over, and what is usually a long and intractable 
sore is by these means rapidly and effectually cured. 

We do not propose in this paper to enter at any further 
length into the historical or chirurgical portion of the subject. 
Our intention is simply to treat it from a physiological point of 
view, and to allude to certain facts or allegations which, if 
confirmed, will be of no small importance scientifically and 
practically. 

• There is only a difference of one letter between the Greek words /iiXia = 
ash, and fiqXia=pear. Is it possible that Virgil, recalling what some Greek 
friends had told him, or what he had read in some Greek author, confused 
the ash and the pear P This is hardly likely, and would not account for the 
other anomalous cases of grafting ; nevertheless, the similarity is suggestive.' 
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Before adverting to the artificial process as practised by the 
gardeners, it may be well to allude to what Nature herself does 
in this way without assistance from man. The union of branch 
to branch of the same tree is so common a phenomenon that we 
need not dwell upon it further than to note it as the simplest 
and commonest case of grafting, at least so far as fiowering 
plants are concerned. Among the fungi, indeed, or even in the 
early stages of growth of the mosses, the yovmg plants become 
so inextricably intergrafted that the so-called individual is 
really a republic one and undivided. In the higher plants the 
grafting process is exceptional, and is the result of some 
abrasion which removes the outer rind, and thus allows the 
growing tissues of the two abraded surfaces to come into contact, 
and imder favourable circumstances to adhere to each other. 
Union of the contiguous branches of two trees of the same species 
is of equally common occurrence with that just mentioned, and 
to this occurrence the great size of some trees is attributable. 

We mention these more familiar illustrations with nothing 
more than passing comment. They illustrate the power that 
growing vegetable tissues have of uniting, and that is all we 
want with their testimony in this place. More important for 
our purpose is the evidence that plants of different species will 
imite together. This has been denied, but there are plenty of 
cases on record, and one facetious observer (Charles Waterton) 
compared the union of a spruce-fir with an elm, and the conse- 
quent stunting of both, to the incongruous imion of Church and 
State ! Such cases are certainly abnormal and exceptional, but 
they exist nevertheless, as a visit to Richmond Park will attest. 
There may be seen, or might have been a year or two since, a 
thorn {Cratcegus) adherent to a hom-beam {Carpinua). There 
are cases where the contact of the two trees has been so firm and 
so persistent that at length the two have become actually in- 
separable unless great force were used. It must, however, be 
remembered that we cite these cases simply as instances of the 
union of two distinct species, not of grafting properly so called. 
The difference is this — a graft derives its nourishment through 
the stock on which it is placed, while in the cases just alluded 
to each plant, though firmly joined to its neighbour, is per- 
fectly independent of it in the matter of food. The same 
statement, however, cannot be made with reference to the 
mistletoe or the Loranthus. These are different enough from 
the trees on which they grow; they adhere to their foster- 
parents with a tenacity greater than that of any graft, and they 
suck the very life-blood out of them, ensuring their own 
destruction by causing the death of the trees on which they 
grow. It is worth while noting this fact in connection with 
the well-known tendency that grafting, as artificially practised. 
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has of shortening the term of life of the plant. Other cases of 
natural union are worthy of remark, especially the union that 
sometimes takes place in roots. P'or many years it has been 
known that the stumps of silver-firs increased in diameter after 
the trunks had been felled. Here was a pretty case for those 
who held the presence of leaves as an essential to the due 
formation of wood. How would they get over this difficulty — 
that wood there was, and yearly increasing, and yet no leaves ? 
Even quite recently one of our agricultural societies has awarded 
its prize to an essay in which the phenomenon in question is in 
some way or another explained by the antiseptic action of 
peat ! What a delightful discovery ! Would that the salt-beef 
in the brine-tub would increase in like manner! Jesting 
apart, the cause of the annual growth of the stumps of the 
silver-fir was satisfactorily shown some twenty years ago by the 
German botanist Goeppert.* He was enabled to prove that 
the roots of the felled tree inoculated with those of adjacent 
trees, and that a communication of the nutrient fluids from the 
sound tree served to keep life in the maimed one. Doubtless 
a similar root-union exists in other cases, and affords the 
explanation of the formation of those seemingly detached 
knobs of oak that one occasionally meets with. 

Another instance of root-union is worth mention, not only 
for its inherent singularity, but because it will yield us im- 
portant evidence by and by. We allude to the case of the red 
and white carrot recorded by Lindley. The two roots by some 
means became twisted one around the other and firmly united 
together. But this was not all. While the tops or crowns of 
the two carrots preserved their natural appearance above the 
point of union, it was very different below. In fact the cha- 
racteristics of the roots below the union were exactly transposed. 
What should have been a red root became white, while the white 
root blushed with a redness not its own. We may illustrate 
what happened in the qase of these carrots by the letter X, con- 
sisting as it does of two lines, one thick the other thin, crossing 
in the centre. Now, suppose the thick line to become thin 
below the junction, and the thin line to become thick, and we 
shall have a change analogous to that which took place in the 
carrots aforesaid. 

Another curious phenomenon occasionally met with is the 
union of embryo to embryo, either within the seed or imme- 
diately after germination. In most cases a seed contains but 
one embryo plant, but there is always a provision made for 
more than one, and in fact sometimes two or more are produced, 
as in the orange (Gtiints). The mistletoe is one of these 

• “ Ann. Sc. Nnturelles,” xix. 1843, p. 181, t. iv. 
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plants, apt to produce twin embryos, and, what is more to our 
point, tlie twain are not unfrequently adherent like their 
famous Siamese counterparts. We have before us as we write, 
thanks to the courtesy of an American correspondent, a case 
wherein two seedling plants of the Osage orange {Maclurd) are 
thus united together. In this plant the seedling consists of a 
root or radicle, surmounted by a “ caulicle ” which hears the two 
seed leaves above which the stem proper begins. Now, in our 
specimen, the roots are free and the stems are free, but the two 
caulicles are intimately united throughout their entire length. In 
America, where the Osage orange is largely grown as a hedge- 
plant, such imions are said to be not infrequent. Mr. Thwaites, 
the eminent director of the Botanic Gardens, Ceylon, records * 
a yet more curious instance, wherein two embryos were con- 
tained in one seed of a fuchsia, the two embryos possessing, 
moreover, different characteristics — a circumstance probably 
due to their hybrid origin, the seed in question having been 
the result of the fertilisation of one variety of fuchsia by the 
pollen of another. 

It would be easy to multiply instances, but we have said 
enough to show that union may, and does occasionally, take 
place between different parts of the same individual plants, or 
between diflFerent plants of the same species, and even between 
plants of different specific nature. 

Gardeners have not been slow to avail themselves of this 
bint. At this season of the year, in our large nurseries, a small 
army of expert workmen may be seen preparing the stocks for 
the reception of the “graft,” adjusting the latter in its place, 
and with an amoxmt of precision, dexterity, and rapidity truly 
marvellous, the more so as a glance at the homy hands of the 
operators woxdd not lead one to credit their owners with the 
possession of the requisite surgical nicety of manipulation. 
One main object of this grafting process is the multiplication 
of desirable varieties of fruit or other trees, which could not be 
reproduced by other means with sufficient certainty and rapidity, 
and in some cases not at all. Other reasons why grafting is 
done will become apparent as we proceed. In the meantime, 
we may briefly allude to some of the conditions for successful 
grafting, so far, at least, as they are yet known to us. The 
first is that the plants frunishing the stock and the scion 
respectively should be nearly related one to the other. We 
may set aside as fables the stories previously alluded to, or at 
any rate we may explain them by the operation of causes other 
than those of grafting properly so called. But there is some- 
thing more than mere botanical kinship necessary, and what 

• “ Ann. Mag. Xnt. Hist/’ March 1848. 
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that is is at present in great degree a mystery. It is readily 
intelligible that there must be a certain conformity of habit 
between stock and scion, that the two must be well matched as 
regards vigour, health, time of starting into growth, and the 
like, that the tissues of the plant must be sufficiently alike to 
permit of due contact and union, and so on. But these facts 
will not suffice to explain the sympathies and antipathies which 
plants manifest. A pear (P^rua) will graft on another pear, 
on a quince {Cydonia\ or on a hawthorn (CratcEgua) ; but there 
is difficulty in getting it to grow on an apple, and a like diffi- 
culty in inducing an apple to grow on a pear, closely as the 
two arc related. 

Cultivators are often sadly puzzled to find a suitable stock 
on which to “ work,” as they phrase it, some desirable variety, 
and it is only by repeated trials with various plants that they 
succeed. In such cases they have nothing to guide them but 
the general principle that there must be some near botanical 
affinity, and, as we have just seen, even that fails them occasion- 
ally. For years it was a hard matter to find a stock on which 
Vtburnum macrocephaluvi could be grafted, in spite of there 
being plenty of near relations at hand. On the other hand, the 
Ijoquat (EHobotrya) will graft on the pear, the Erioatemon on 
the Correa, genera which, under the circumstances, we should 
not call very closely allied, while, in numerous instances, ever- 
green plants will graft on stocks of deciduous plants. A peren- 
nial species of convolvulus grafted on an annual species has 
caused the latter to assume the perennial habit of the scion — 
nay, some French nurserymen have even succeeded in en- 
grafting a bud on a leaf. Not only did union take place, but 
the leaf thus made to serve as a stock instead of speedily perish- 
ing, as it would have done under ordinary circumstances, 
acquired a greater degree of permanence — assumed, in fact, the 
characters of a stem.* 

It is evident, then, that much yet remains to be learnt as to 
the why and wherefore of tliese sympathies and antipathies. 

In addition to a certain not remote botanical affinity, and to 
conformity of physiological conditions, it is obvious that nice 
adjustment and accurate contact of the growing tissues must be 
secured and maintained if the graft is to be satisfactory. 

“ On each lopp’d shoot a foster scion bind : 

Pith pressed to pith and rind applied to rind ; 

So shall the trunk with loftier crest ascend, 

Nurse the new bud, admire the leaves unknown. 

And, blushing, bend with fruitage not its own.” 



* “ Gardeners’ Chronicle,” 18C0, p. 380. 



Digitized by Google 




GBAFnNG; ITS CONSEQUENCES AND EITECTS. 



147 



A close paraphrase, on the part of Erasmus Darwin, so far 
as the la^ lines are concerned, of those of Virgil, already cited. 

Turning now to the effects produced by grafting on the 
scion and on the stock respectively, we open up a very inter- 
esting subject for enquiry, and we make apparent the objects 
for which grafting is employed. Gardeners, as a rule, hold 
that in the great majority of instances no effect beyond adhesion 
is produced. There are some plausible reasons for this opinion, 
it must be admitted, inasmuch as the change is very often not 
obWous on the surface. One experimenter tells us for instance 
that he grafted at various times on the same jargonelle pear no 
less than eighteen different grafts. Of these eighteen, ten were 
apples of various kinds, while the remainder were made up of 
pears, hawthorns, medlar, and quince. All these grafts, we are 
told, succeeded — at least for a time ; fruit was produced from 
the scions in nearly all cases ; but there is no evidence to show 
that this extraordinarily composite tree ever produced any fruit 
differing from the usual character of that naturally yielded 
by itself, or by its numerous parasitically attached grafts. 
More extraordinary still is a case wherein a French experi- 
menter, M. Carillet, of Vincennes, first of all took two pear- 
trees, both of which were grafted on the quince stocks. These 
we will call a and b. a was planted in the usual way, then B 
was grafted on it, but in an inverted position, head downwards, 
roots uppermost. When the operation was completed, there 
were thus two pear-trees united by their leading shoots, but the 
upper one, b, was reversed in position, with its roots completely 
exposed. To add to the strangeness of the experiment, M. 
Carillet next grafted on the ends of four of the principal roots 
of B — quince-roots of course — four different varieties of pears, 
two of which succeeded ; so that the entire plant consisted, first 
of a quince stock rooted in the soil and bearing a grafted pear ; 
on this latter, but in an inverted position, was another pear, 
also grafted on the quince and with its roots uppermost ; on 
these again were grafted two more pears. This illustration 
shows that the ciurent of the sap is quite independent of the 
direction of the tissues. It must have passed as readily through 
the inverted as through the erect stem ; but what is more to 
the point, so far as we are concerned at present, is that though 
the sap passed through no less than six different organisms, 
adherent one to the other, yet each portion of the composite 
structure retained its own individuality.* 

There are, indeed, many cases in which no apparent 
change takes place, as a result of grafting. Archbishop 
Whateley, with a view of ascertaining whether any change 

* “Gardeners’ Cl ron’cle,” 1867, p. 947, ex “Revue Horticole.” 
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would be produced in the time at which the leaves were un- 
folded, grafted a scion of an early variety of hawthorn on a 
late one, and viee versa ; but he found in both cases that 
the scions produced their leaves early or late, as the case 
might be, wholly irrespective of the habit of the stock on 
which they were grafted. In spite of this and many similar 
instances which might be cited, we imagine that when gar- 
deners state that no change results from the grafting process 
they would convey the idea that the change is physiological 
rather than morphological — that the size, fruitfulness, flavour, 
period of ripening, and the like may be altered by grafting, 
but not the form. How far this is true we now proceed to show. 

And first as to the effect of the stock on the scion : — 
In many cases no further effect is produced than the mere 
hastening of the period of flowering, but in other instances we 
have alterations in “ habit,” constitution, &c. Thus, if a stock 
be hardy enough to resist the inclemency of our winters, while 
the plant from which the scion is taken is tender, we may 
make the scion nearly as hardy as its foster nurse by grafting 
it on a hardy stock. Thus seedling plants of Ciipreeaus macro- 
carpa have perished in the severe winter, while grafts on the 
same plant “ worked on” the red-cedar Janiperua virginiana 
survived. 

Habit : — By this expression gardeners and botanists mean the 
general aspect and appearance of a plant dependent on size, the 
way in which the branches come off, their direction, &c. There 
are good habits and bad habits in a cultural sense. If a plant 
be tender, it is, for some purposes at least, of a bad habit. If 
it grow away to a great size, and produce flower and fruit but 
scantily and at long inter\ als, a fruit-grower would condemn 
it as of a bad habit, while a timber merchant might look on it 
with a more favouring glance. For fruit-growing purposes 
it is usually desirable to secure a plant of comparatively dwarf 
stature and of prolific habit, and this, by a proper selection of 
“stocks,” the gardener is enabled to do. He can convert a 
giant into a pigmy ; he can in a short space of time cover the 
barren branches with fruit-buds in place of leaf-buds ; he can 
change the size, enhance the flavour, modify the form, and 
alter the time of production of the fruit. All this may be 
done, in certain cases, by the choice of a suitable stock and a 
due knowledge of and provision for local circumstances of 
climate, soil, exposure, &c. 

In the case of the apple a dwarf habit, an earlier and more 
abundant production of fruit are ensured by grafting upon the 
“ Paradise,” a stock yielded by a peculiar dwarf-growing, surface- 
rooting variety of apple. Many, but not all, pears are similarly 
affected by being grafted on the quince. 
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Among conifers corresponding alterations of habit have been 
frequently noted. One of the most curious is that recorded by 
M. Carri^re, in which a species of Libocedrm (Cupressineffi) 
grafted on Saxe-Gothcea (Podocarpese) became entirely altered 
in appearance. The branches, instead of forming an elongated 
pyramidal mass, were directed nearly at right angles, so as to 
form a depressed spherical head. 

Very curious also are the phenomena exhibited by what is 
called double-grafting in England, or greffe aur greffe by the 
French. We mention them in this place as illustrative of the 
effect of the stock on the scion. It has already been men- 
tioned incidentally that some pears will not graft readily on 
the quince, and, consequently, that mode of enhancing fer- 
tility could not be adopted were it not for the ingenious 
process of double-grafting, which is thus effected : — In the 
first place some free-growing pear is grafted on to the quince 
in the usual manner, and then the scion so obtained is, in ita 
turn, grafted with a variety that will not unite readily with 
the quince in the first instance. In this indirect manner 
the quince stock is made to affect the scion, throw it into 
bloom more quickly, and enhance its fertility. 

It is needless after this to say one word more as to the 
reasons which lead gardeners to employ grafting ; the only 
wonder is that they do not avail themselves of it more freely. 

Adverting now to the effect produced by the scion on the stock, 
it may be said that we have here an operation something akin 
to vaccination ; and it is not wonderful that curious results 
sometimes accrue, though in this case, also, many gardeners 
deny that any visible effect is perceptible, at least in the 
majority of cases. Some, however, more in the habit of making 
good use of their eyes, have recorded instances showing the 
effect of the scion on the stock, and to some of these we now 
propose to allude. The first case is that where an unhealthy 
or feeble stock has been restored to health by the imposition 
of a healthy graft. This fact is vouched for on the authority 
of the veteran fruit-grower and practical physiologist of Saw- 
bridgeworth, Mr. Thomas Rivers. Again, it has been stated 
that if two quince stocks of equal strength and vigour be ' 
grown under the same conditions, and on the one be placed 
a graft of some vigorous growing pear, and on the other a 
scion of some weak variety, the stock in the first case will 
grow much more quickly than in the second ; and, indeed, a 
quince stock on which a strong growing pear has been grafted 
may thus be made to produce within a given time a larger 
amoimt of wood than any imgrafted quince would do in the ^ 
same time. Again, cases have been observed where from the 
stock bdow the graft fruits and flowers of the same appearance 
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as those borne on the scion have made their appearance. This 
has been observed in the case of the pear grafted on the 
mountain ash, and in other cases. 

Variegated plants, however, afford the most striking illustra- 
tions of the efiect of the scion on the stock. We will not here 
do more than allude to the classic case of the variegated 
jessamine at Chelsea, nor to other similar cases recorded in 
gardening books,* but confine ourselves to other more recent 
illustrations, most of which have come imder our own observ’a- 
tion. The first is a repetition of the jessamine ceise (already 
repeatedly confirmed), but presenting this peculiarity — that 
the buds of the variegated scion only remained on the stock 
for a short time before they died. “ Many years ago,” says 
Mr. Godsall,t “ I conceived that if the variegation oiJaamvnum. 
ojfficinale could be transferred to the J. revolutum, which 
has a larger and handsomer leaf, it would be desirable. I 
therefore budded plants of the latter with buds of the common 
variegated jessamine. The buds appeared plump for a time, 
and then all died off. Notwithstanding this, the following 
year the plants exhibited variegation in several leaves and 
shoots, continuing even along the young branches ; but the 
variegation was white, whereas on the J, revolutum (which 
has yellow flowers) it became yellow. Last year I reversed the 
experiment, by budding the variegated J. revolutum on the 
plain J. officiiiale, and at the present time the yellow variega- 
tion appears on the leaves and young shoots.” This change in 
colour in the variegation is a very singular circumstance, but 
one which the limits of this article do not permit us to dwell on. 

The effect produced even by a temporary contact with the 
variegated bud is confirmed by a case that fell under our own 
observation. A year or two since a very beautiful Abutilon, with 
leaves mottled with yellow, was introduced into our gardens. 
It was very desirable that this should be propagated as largely 
and speedily £is possible. Propagation by means of cuttings was 
easy enough, but naturally the plants were small, and took a 
considerable time to grow bigger. Grafting was therefore had 
recourse to. The scions of the variegated Abutilon Thomaotii 
were grafted on to green-leaved stocks of other Abutilons. 
Tills was done by many ninserymen on the Continent as in this 
coimtry, and it was soon found that the grafted plants were apt 
to produce variegated leaves from the stock ; in other words, 
that the peculiar qualities of the scion were manifested througli- 
out the entire organism. We were indebted to Messrs. Downie, 

• The reader will find several of these cases mentioned in Darwin’s 
“ Variations of Animals and Plants,” vol. i. p. 304. 

t “Gardeners’ Chronicle,” 1800, p. 838. 
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Laird, and Laing for the opportunity of examining a whole series ' 
of such plants thus changed. To show that the variegation was * 
really due to the influence of the scion, we may mention a curious 
fact commimicated to us by M. Van Houtte, the well-known 
nurseryman of Ghent. Like his compeers he had plenty of illus- 
trations of the fact that a variegated scion of this particular 
Abutilon will communicate its properties to the stock on which 
it may be grafted, but he further ascertained that if by some 
accident the graft were separated from the stock, the leaves sub- 
sequently produced from the latter were wholly green, as before 
the grafting, and even the variegated leaves originally produced 
lost their mottled character. Our illustration shows a plant of 
the variegated Abutilon grafted on to another species of the 
same genus, which under ordinary circumstances produces green 
leaves, but which in consequence of the grafting has formed 
variegated leaves. Variegated willows have been known to 
affect the stock on which they are grafted in the same way, and 
also, but not constantly, the purple-leaved nut. .j. 

Here is another striking illustration of the effect of the scion 
on the stock. Two “ canes ” of a particular vine, called “ Black 
Prince,” were growing side by side in a vinery, and adjacent to 
them another grape known as “ Lady Downe’s Seedling.” Mr. 
Smythe, who relate the case, “ inarched ” the last-named vine on 
to one of the canes of the “ Black Prince,” leaving the other 
cane untouched. A great change resulted in the appearance of 
the engrafted cane of the “ Black Prince.” In the first place it 
did not begin to grow so soon by fourteen days as its fellow 
cane ; its leaves were smaller, its shoots shorter, and its hunches 
of fruit much shorter and smaller. These illustrations will 
probably be sufficient to show that the scion does affect the 
stock upon which it grows. 

Relying on such cases as these some botanists have broached 
the theory of graft-hybridisation to account for certain anomalous 
appearances. If the pollen of one flower be applied to the stigma 
of another under certain conditions and within certain limits, a 
“ cross ” or hybrid production results, in which are blended in 
very varying degrees the characteristics of both parents. Now, 
it is contended by some that a similar blending takes place in the 
case of grafted plants, and that buds may occasionally be produced 
on such grafted plants partaking in varying degrees of the 
characters of both graft-parents. Others again deny the possi- 
bility of the occurrence, especially practical men, who, seeing 
in their daily practice that instances such as we have cited are 
exceptional, and that in the majority of cases stock and scion 
remain imaffected save in minor points, give a different inter- 
pretation to such facts as we have been commenting on, or 
content themselves with leaving them unexplained. 

u 2 
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The case that has attracted most attention on the part of 
Iwtanists and physiologists is that of the laburnum known iu 
gardens as Cytisus Adami. This plant is stated to have origi- 
nated in a French nursery from the insertion of a bud of the 
shrubby Cytisus purpureus on to the common Cytiaus Labur- 
num. At any rate, great astonishment is excited year after year, 
as the tree produces the long racemes of the yellow-flowered, 
laburnum and the shorter tufts of the purple Cytiaus, while some- 
times the colours of the flowers are mingled in the same raceme ; 
and, indeed, every intermediate form is produced between the 
two species above enumerated. Those who dispute the origin of 
this tree from grafting attribute its peculiarities to the cir- 
cumstance that it is a hybrid formed in the ordinary way by 
cross fertilisation, and that the two-faced appearance the plant 
puts on is simply the effect of the disunion of the mingled 
characteristics such as is now known to occur frequently among 
hybrid plants. But against this view there are certain circum- 
stances to be recorded. First, the history of the plant, according 
to which it decidedly originated in a graft. The nurseryman 
could hardly have b^n mistaken in such a case, and there is no 
reason whatever to question his veracity. Secondly, attempts that 
have been made to produce the plant by pollen-fertilisation in 
the way suggested have not been successful. Were this a solitary 
case one might hesitate to accept it as a case of graft-hybridisa- 
tion, but it is not unsupported by evidence of a similar cha- 
racter, as we have already shown. Even in the laburnum, Mr. 
Purser has produced a precisely similar effect by grafting the 
purple Cytiaus on to the yellow-flowering-species. No doubts 
have ever been raised as to the correctness of this statement. 



We may further cite the case of a Devoniensis rose budded 
on a White Banksia, and wherein from immediately above the 
graft arose a branch which was neither White Banksian nor 
Devoniensis, but partook of the characters of both. This may be 




represented diagrammically, as in the figure : — 
1 represents the stock ; 2 the graft, or bud ; S 
the mixed product. 

Other illustrations have been cited in roses, 
one of which is shown in the accompanying illus- 
tration(Plate LXXI.), and wherein a white moss- 



rose is shown springing from the same branch as a smooth-barked 



red Quatre-Saisons rose. The graft in this case was effected 



close to the ground while the two flowers were borne two 



feet above it. Those who disbelieve in the possibility of g^ft- 
hybridisation attribute such a case as this to the separation 
between the heretofore mixed elements of an ordinary hybrid. 
Not long since a well-known French horticulturist, M. 



Carri^re, put on record a case in which he grafted a scion of 
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Sorbus Tiepalensis. The buds which were subsequently pro- 
duced were found to be difierent from those of the scion and 
of the stock (unfortunately it is not stated what plant fur- 
nished the latter) in hardiness, period of leafing, form, &c. ; 
indeed, so different were the new productions, that they were, 
says M. Carri^re, unlike any plant he knew in cultivation. 
This also may possibly have been a case of variation not neces- 
sarily connected with grafting, but it is too singular to be 
passed over in this place. 

Of doubtful origin, also, are the oft-mentioned “trifacial 
oranges ” — oranges in which the fruits presented, blended to- 
gether in all possible proportions, the characteristics of two 
or three distinct varieties of orange. As the true nature of 
these singular fruits is shrouded in mystery, and we can add 
nothing to their history beyond what is detailed in readily 
accessible books, such as Lindley’s “ Theory of Horticulture,” 
or Darwin’s “ Variations of Animals and Plants,” we pass them 
by here with the mere mention. 

The latest development of the graft-hybridisation theory is 
that according to which certain new or strange variations of 
the potato have been attributed to this process. The “ eyes,” or 
buds, of one kind of potato have been inserted into the tuber of 
another kind, carefully deprived of its own buds ; adhesion has 
taken place, and new tubers have been formed, differing from 
those of the parent variety, and producing leaves and haulm 
also different in character, and to some extent intermediate. 
It is only right to add, in reference to this point, that the 
majority of experimenters have failed even in getting adhesion 
under such circumstances. Others deny the possibility of the 
occurrence in toto, and attribute any changes that may have 
occurred to the known variability and tendency to “sport” 
exhibited by the potato. So far as our own personal experience 
goes, we have seen several cases of adhesion in potatoes grafted 
by others; and have ourselves succeeded in obtaining union 
in one instance. Moreover, there has been abundant evidence 
to show that some change of an extraordinary character does 
take place in the new tubers that originate after grafting. 
Whether or no these changes are due to a commingling of 
characteristics derived from the stock and the scion is a 
matter still open to question. 

It must not, however, be supposed that all cases of bud- 
variation are due to graft-hybridisation. The evidence in 
favour of the latter process is as yet by no means free from 
doubt. Nevertheless, confirmatory facts, or what, so far as we 
know at present, we have good reason to believe to be such, are 
gradimlly accumulating. At any rate, it seems clear that the 
old notion that graft and scion, scion and graft, have no re- 
ciprocal effect, must be given up as imtenable. 
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The physiology of cell life does not at present help us very 
much in the elucidation of the efiFects produced by grafting. 
Those who deny that any effect is produced beyond adhesion 
of the graft to the stock, and the transmission of fluid from the 
roots through the latter to the scion, have anatomy in their 
favoxu". The tissue below the graft is that of the stock ; above 
it, it is that of the graft — at lea^ under ordinary circumstances. 
Moreover, it is well known that to a large extent each cell is 
independent of its neighboxu-, and often contains very dif- 
ferent ingredients, without any intermingling of the contents 
of adjacent cells. This is well shown in the case of the red 
beet grafted on the white beet — the two retained perfectly 
their respective characteristics above and below the union — as 
well as by other illustrations previously cited. But, on the 
other hand, this fact should be compared with the transposi- 
tion of characters presented by the two carrots alluded to in 
an earlier page. Those who lean to the view that stock does 
affect scion and scion stock have only exceptional aid from 
anatomy ; but physiologically, they may avail themselves of the 
circumstance that the passage of fluids, and to some extent the 
direction of new growth, are now known not to be limited to 
any single course, but to take place in any direction, accord- 
ing to circiunstances. 



EXPLANATION OF PLATE LXXI. 



a to c, Abutilon. 

a. Stock of normally green-leaved Abutilon, on which at b is grafted a scion 
of the variegated Abutilon Thorasoni. 

ce are branches of the stock, the leaves of which have become variegated in 
consequence of the grafting. 
d, e, Boses. 

d, a white moss-rose. 

e, a red smooth-stemmed Quatre-Saisons rose,* proceeding from the same 

branch as r, possibly as a result of grafting. 
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COAL AS A RESERVOIR OF POWER. 
Br ROBERT HUXT, F.R.S. 



T he sun, according to the philosophy of tlie day, is the great 
storehouse of Force. All the grand natural phenomena 
are directly dependent upon the influence of energies which 
are poured forth without intermission from the central star of 
our system. Under the influences of light, heat, actinism and 
electricity, plants and animals are produced, live and grow, in 
all their infinite variety. Those physical powers, or, as they 
were formerly called, those imponderable elements, have their 
origin in one or other of those mysterious zones which envelope 
the orb of day, and become evident to us only when mighty 
cyclones break them up into dark spots. Is it possible to 
account for the enormous amount of energy which is constantly 
being developed in the sun ? This question may be answered 
by saying, that chemical changes of the most intense activity 
are discovered to be for ever progressing, and that to these 
changes wo owe the development of all the physical powers 
with which we are acquainted. In our laboratory we establish, 
by mechanical disturbance, some chemical phenomenon, which 
becomes evident to our senses by the heat and light which are 
developed, and we find associated with them the principle 
which can set up chemical change and promote electrical 
manifestations. We have produced combustion, say, of a 
metal, or of a metallic compound, and we have a flame of a 
colour which belongs especially to the substance which is being 
consumed. We examine a ray of the light produced by that 
flame by passing it through a prism, and this analysis informs 
us that coloimed bands, having a fixed angle of refraction, arc 
constant for that especial metal. Beyond this, research 
acquaints us with the fact that, if the ray of light is made to 
pass through the vapour of the substance which gives colour to 
the flame, the lines of the spectrum which were chromatic 
become dark and colourless. We trap a ray of sunlight and 
we refract it by means of a spectroscope — an instrument giving 
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results which are already described in this journal * — when we 
detect the same lines as those which we have discovered in our 
artificial flame. We pursue this very interesting discovery, and 
we find that several metals which give colour to flame, and 
produce certain lines, when subjected to spectrum analysis, are 
to be detected in the rays of the sun. Therefore our inference 
is, that some substances, similar to the terrestrial bodies, with 
which we are familiar, are actually undergoing a change in the 
sun, analogous to those changes which we call combustion ; and, 
more than this, we argue that the high probability is, that all 
solar energies are developed under those conditions of chemical 
change — that, in fact, the sun is burning, and while solar matter 
is changing its form. Force is rendered active, and as ray-power 
passes off into space as light, heat, &c. to do its work upon dis- 
tant worlds, and these forms of Force are expended in doing the 
work of development on those worlds. This idea — theory — 
hypothesis — call it wliat we may — involves of necessity the 
waste of energy in the sun, and we must concede the possibility 
of the blazing sun’s gigantic mass becoming eventually a globe 
of dead ashes, unless we can comprehend some method by which 
energy can be again restored to the inert matter. Certain it is 
tliat the sun has been shining tlioasands of years, and its in- 
fluence on this eartli we know to liave been the production of 
organised masses, absorbing the radiant energies, in volumes 
capable of measurement. On this earth for every equivalent 
of heat developed, a fixed equivalent of matter has changed its 
form ; and so likewise is it with regard to the other forces. On the 
sun, in like manner, every cubic mile of sunshine represents the 
change of form of an equivalent of solar matter, and that equi- 
valent of matter is no longer capable of supplying Force, unless 
by some conditions beyond our grasp at present it takes up 
again that which it has lost. Tliat something of this kind 
must take place is certain. The sun is not bumiing out. 
After the lapse of thousands of years we have the most incon- 
trovertible evidence tliat the light of to-day is no less brilliant 
now, than it was when man walked amidst the groves of Eden. 
We may venture further back into the arcana of time, and say 
that the sun of the past summer has shone with splendour 
equal to the radiant power which myriads of ages ere yet man 
appeared on this planet stimulated the growth of those luxu- 
riant forests which perished to form those vast beds from which 
we derive our coal. Not a ray the less is poured out in any 
hour of sunshine : not a grain weight of matter is lost from 
the mass of the sun. If either the sunshine was weakened, or 
the weight of the vast globe diminished, the planets would 
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vary in their physical conditions, and their orbits would be 
changed. There is no evidence that either the one or the 
other has resulted. Let us see if we can guess at any process 
by which this stability of the solar system is maintained. 

It was first shown by Faraday, in a series of experimental 
investigations which may be regarded as the most beautiful 
example of inductive science with which the world has been 
favoured since Bacon promulgated his new philosophy, that the 
quantity of electricity contained in a body, was exactly the 
quantity which was necessary to decompose that body. For 
example, in a voltaic battery — of zinc and copper-plates — a 
certain fixed quantity of electricity is eliminated by the oxyda- 
tion of a portion of the zinc. If, to produce this effect, the 
oxygen of a given measure of \vater — say a drop — is necessary, 
the electricity developed will be exactly that which is required 
to separate the gaseous elements of a drop of water from each 
other. An equivalent of electricity is developed by the oxyda- 
tion of an equivalent of zinc, and that electricity is required 
for the decomposition of an equivalent of water, or the same 
quantity of electricity would be equal to the power of effecting 
the recombination of oxygen and hydrogen, into an equivalent 
of water. The law which has been so perfectly established for 
electricity is found to be true of the other physical forces. By 
the combustion — which is a condition of oxydation — of an equiva- 
lent of carbon, or of any body susceptible of this change of state, 
exact volumes of light and heat are liberated. It is theoretically 
certain that these equivalents of light and heat are exactly the 
quantities necessary for the formation of the substance from 
which those energies have been derived. That which takes place 
in terrestrial phenomena is, it is highly probable, constantly 
taking place in solar phenomena. Chemical changes, or distur- 
bances analogous to them, of vast energy are constantly progres- 
sing in the sim, and thus is maintained that unceasing outpour 
of simshine, which gladdens the earth, and illumines all the 
planets of our system. Every solar ray is a bundle of powerful 
forces : light, the luminous life-maintaining energy, giving 
colour to all things ; heat, the calorific power which determines 
the conditions of all terrestrial matter ; actinism, peculiarly the 
force which produces all photographic phenomena ; and elec- 
tricity regulating the magnetic conditions of this globe. Com- 
bined in action, these solar radiations carry out the conditions 
necessary to animal and vegetable organization, in all their 
varieties, and create out of a chaotic mass forms of beauty 
rejoicing in life. 

To confine our attention to the one subject before us. Every 
person knows that to grow a tree or a shrub healthfully, it must 
have plenty of sunshine. In the dark we may force a plant to 
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prow, but it forms no woody matter, it acquires no colour ; even 
in shade it grows slowly and weak. In sunshine it glows with 
colour, and its frame is strengthened by the deposition of woody 
matter eliminated from the carbonic acid of the air in which it 
grows. A momentary digression will make one point here more 
clear. Men and animals live by consuming the products of the 
vegetable world. The process of supporting life by food is 
essentially one of combustion. The food is burnt in the system, 
developing that heat which is necessary for life, and the living 
animal rejects, with every expiration, the combinations, princi- 
pally carbonic acid, which result from this combustion. This 
carbonic acid is inhaled by the plant ; and, by its vital power, 
excited by sunshine, it is decomposed ; the carbon forms the 
ligneous structure of the plant, and the oxygen is liberated to 
renew the healthful condition of the atmosphere. Here we see 
a sequence of changes analogous to those which have been shown 
to be a law of electricity. 

Every equivalent of matter changing form in the sun sends 
forth a measured volume of sunshine, charged with the orga- 
nising powers as potential energies. These meet with the 
terrestrial matter which has the function of living, and they 
expend themselves in the labour of producing a quantity of 
wood, which represents the equivalent of matter which has 
changed form in the sun. The light, heat, chemical and elec- 
trical power of the sunshine have produced a certain quantity 
of wood, and these physical energies have been absorbed — used 
up — in the production of that quantity. Now, we learn that 
a cube of wood is the result of a fixed measure of sunshine : 
common experience teaches us that if we ignite that wood it 
gives out in burning, light and heat ; while a little examination 
proves the presence of actinism and electricity in its fiame. 
Philosophy teaches us that the powers set free in the burning 
of that cube of wood are exactly those which were required for 
its growth, and that, for the production of it, a definite equiva- 
lent of matter changed its form on a globe ninety millions of 
miles distant from us. 

Myriads of ages before man appeared — the monarch of this 
world — the sun was doing its work. Vast forests grew, as they 
now grow, especially in the widespread swamps of the tropics, 
and, decaying, gathered into thick mats of humus-like substance. 
Those who have studied all the conditions of a peat morass, 
will remember how the ligneous matter loses its woody struc- 
ture in depth — depth here representing time — and how at the 
bottom a bituminous or coaly matter is not unfrequently 
formed. Some such process as this, continued through long 
ages, at length produced those extensive beds of coal which are 
so distinguishingly a feature of the British and American coal- 
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fields. At a period in geological time, when an Old Red Sand- 
stone land was washed by ocean waves highly charged with 
carbonic acid, in which existed multitudinous animals, whose 
work in nature was to aid in the building up masses of lime- 
stone rock, there prevailed a teeming vegetation from which 
has been derived all the coal-beds of the British isles. Our 
space will not allow of any inquiry into the immensity of time 
required for the growth of the forests necessary for the produc- 
tion of even a single seam of coal. Suffice it to say, that 
within one coal-field, we may discover coal-beds to the depth 
of 6,000 feet from the present surface. The section of such a 
coal-field will show us coal and sandstone, or shale, alternating 
again and again — a yard or two of coal and hundreds of feet of 
shale or sandstone — until we come to the present surface ; 
everyone of those deeply-buried coal-beds having been at one 
time a forest, growing under the full power of a brilliant sun, 
the result of solar forces, produced then, as now, by chemical 
phenomena taking place in the sun itself. Every cubic yard of 
coal in every coal-bed is the result of a very slow, but constant, 
change of a mass of vegetable matter ; that change being analo- 
gous to the process of rotting in a large heap of succulent 
plants. The change has been so slow, and continued under a 
constantly increasing pressure, that but few of the gaseous con- 
stituents have escaped, and nearly all those physical forces 
which were used in the task of producing the woody matter of 
the plant, have been held prisoners in the vegetable matter 
which constitutes coal. How vast, then, must be the store of 
power which is preserved in the coal deposits of these islands ! 

We are now raising from our coal-pits nearly one hundred and 
ten millions of tons of coal annually. Of this quantity we are 
exporting to our Colonial possessions and Foreign parts about 
ten million tons, reserving nearly a million tons of coal for our 
home consumption. Not many less than one hundred thousand 
steam boilers are in constant use in these islands, producing 
steam, — to blow the blast for smelting the iron ore, — to urge the 
mills for rolling, crushing, and cutting with giant power, — to 
twirl the spindle, — and to urge the shuttle. For every pxupose, 
from rolling cyclopean masses of metal into form to weaving 
silky textures of the most filmy fineness, steam is used, and 
this steam is an exact representative of the coal employed, 
a large allowance being made for the imperfections of human 
machinery. This requires a little explanation. Coal is a com- 
pound of carbon, hydrogen, oxygen, and nitrogen, the last two 
elements existing in quantities so small as compared with the 
carbon, that they may l>e rejected from our consideration. The 
heat which we obtain in burning the coal is almost all derived 
from the carbon ; the hydrogen in burning produces some heat. 
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but for our purpose it is sufficient to confine attention to the 
carbon only. 

One pound of pure coal yields, in combining with oxygen in 
combustion, theoreticaUy, an energy equal to the power of 
lifting 10,808,000 pounds one foot high. The quantity of heat 
necessary to raise a pound of water one degfree will raise 772 
pounds one foot. A pound of coal burning should yield 14,000 
units of heat, or 772x14,000=10,808,000 pounds, as above. 
Such is the theoretical value of a pound of pure coal. Many 
of our coal-seams are about a yard in thickness ; several impor- 
tant seams are much thicker than this, and one well-known 
seam, the thick coal of South Staffordshire, is ten yards in 
thickness. This, however, concerns us no further than that it 
is useful in conveying to the mind some idea of the enormous 
reservoir of power which is buried in our coal formations. One 
square yard of the coal from a yard-thick seam — that is, in fact, 
a cubic yard of coal — weighs about 2,240 pounds avoirdupois ; 
the reserved energy in that cube of coal is equal to lifting 
1,729,200 pounds one foot high. We are raising every year 
alx)ut 1 1 0,000,000 tons of coal from our coal-beds, each ton 
of coal being about a square yard. The heat of that coal is 
equal to a mechanical lifting power which it is scarcely pos- 
sible to convey to the mind in anything approaching to its 
reality. If we say it is 190,212,000 millions we merely state 
an incomprehensible number. We may do something more 
than this, if we can convey some idea of the magnitude of the 
mass of coal which is raised annually in these islands. 

The diameter of this globe is 7,926 miles, or 13,880,760 
yards ; therefore the coal raised in 1870 would make a solid bar 
more than eight yards wide and one yard thick, which would 
pass from E to W through the'earth at the equator. Supposing 
such a mass to be in a state of ignition, we can perhaps imagine 
the intensity of its heat, and its capability, if employed in 
converting water into steam, of exerting the vast force which 
we have endeavoured to indicate. It was intimated last year in 
the House of Commons by a member of the Coal Commission 
that the decision of that body, after a long and laborious 
inquiry, would be that there existed in our coal-fields a supply 
for about one thousand years at our present rate of consumption. 
We have therefore to multiply the above computation by 1,000 
to arrive at any idea of the reserved power of our British coal- 
fields. What must it have been ere yet our coal deposits were 
disturbed ! At the time of the Roman occupation coal was 
used in this country. In the ruins of Roman Uriconium coal 
has been found. Certainly up to the present time a quantity 
of not less than three thousand million tons of coal have been 
dug out of our carboniferous deposits and consumed. All this 
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enormous mass of matter has been derived from vegetable 
organizations which have been built up by sunshine. The sun- 
rays which compelled the plants to grow were used by the 
plant, absorbed, imprisoned in the cells, and held there as an 
essential ingredient of the woody matter. The heat, light, 
actinism, and electricity, which are developed when we bum a 
lump of coal, represent exactly the quantity of those forces 
which were necessary to the growth of the vegetable matter 
from which that coal was formed. The sunshine of infinitely 
remote ages becomes the useful power of the present day. 

Let it not, however, be suppos^ that we employ all the heat 
which is available in our coal. All our appliances, even the 
very best, are so defective that we lose far more than we use. 
A poimd of pure coal should evaporate thirteen pounds of 
water ; in practice a pound of coal does not evaporate four 
pounds, even in the most perfectly constructed steam-boilers, 
with the most complete steam-engines, such as have been con- 
structed for pumping water for the Chelsea and the other 
waterworks upon the Thames. 

Numerous attempts have been made to bum our coal so as 
to secure a more efiiective result than this. There has been 
some advance, the most satisfactory being in the regenerative 
furnace of Mr. Siemens. In this system the solid fuel is con- 
verted into cmde gas, this gas is mixed with a regulated quan- 
tity of atmospheric air, and then burnt. The arrangements 
are essentially the gaa producer, or apparatus for converting 
the fuel bodily into a gaseous state ; then there are the regene- 
rators. These are sunk chambers filled with fire-bricks, piled 
in such a manner that a current of air or gas, passing through 
them, is broken into a great number of parts, and is checked at 
every step by the interposition of an additional surface of fire- 
brick ; four of these chambers are placed below each furnace. 
The third essential is the heated chamber, or furnace proper. 
This, the furnace chamber, communicates at each extremity 
with two of the regenerative chambers, and, in directing cur- 
rents of gas and air upwards through them, the two gaseous 
streams meet on entering the heated chamber, where they are 
ignited. The current descends through the remaining two 
regenerators, and heats the same, in such a manner, that the 
uppermost chequerwork is heated to nearly the temperature of 
the furnace, whereas the lower portions are heated to a less and 
less degree, the products of combustion escaping into the 
chimney comparatively cool. In the course of, say, one hour, 
the currents are reversed, and the cold air and gas ascending 
through the two chambers which have been previously heated, 
take up the heat there deposited, and enter into combustion at 
their entrance into the heated chamber, at nearly the tem- 
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perature at which the products of combustion left the chamber. 
It is not difficult to conceive that by this arrangement, and with 
its power of accumulation, any degree of temperature may be 
obtained in the furnace chamber, without having recourse to 
purified gas, or to an intensified draught. Where the tempe- 
rature of the melting chamber has certainly exceeded 4,000 
degrees of Fahrenheit, the products of combustion escape into 
the chimney at a temperature of only 240 degrees. The prac- 
tical result of this regenerative system is stated to be, that a ton 
of steel requires by the ordinary method about three tons of 
Durham coke, — which, being estimated as coal, will be about 
four tons, — to melt it, whereas in Siemens’s furnace, the melting 
is effected with twelve himdred-weight of ordinary coal. This 
economy is produced by reserving the heat, by means of the re- 
generator, which is ordinarily allowed to escape by the chimney. 

Another plan for consuming coal with economy has been re- 
cently introduced by Mr. T. K. Crampton, and is now in use at 
the Royal Arsenal, Woolwich, and at the Bowling Iron Works, 
in Yorkshire. Instead of converting the coal into gas, as in the 
Siemens’ process, the coal is reduced by Mr. Crampton to a 
very fine powder, and then blown into the heated chamber by 
means of a fan-blast. By this arrangement the perfect com- 
bustion of the coal is produced, and a heat of the highest in- 
tensity can be obtained. The utilisation of this heat, without 
waste, when it is produced, is an important question still re- 
quiring careful attention. There are several other experiments 
being carried out with a view to the economical use of coal, 
but the two to which we have alluded give up to the present 
time the best results. Still, with these we allow more than one 
half of the heat- latent in the coal to escape us. The subtle 
element eludes our grasp — our charms are powerless to chain 
the sprite ; he will not be bound to labour for us, but passes off 
into space, regardless of the human Prospero whose wand of 
science he derides. 

In conclusion, our philosophy has enabled us to determine 
the heat-value of our coal-fields, and to prove that all this heat 
has a solar origin. Our science has shown us that although we 
can eliminate all this heat, wc cannot use it. There is an im- 
mense quantity constantly passing into space as radiant heat 
which we cannot retain. 

The circle of action between the vegetable and the animal 
world, is a beautiful and a remarkable provision. The animal 
bums carbon and sends into the air carbonic acid (a compound 
of carbon and oxygen), the vegetable breathes that carbonic 
acid and decomposes it, the carbon is retained and the oxygen 
liberated in purity, to maintain the life and fire-supporting 
principle of the atmosphere. Changes similar to these may be 
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constantly going forward in the sun, and producing those radia- 
tions which are poured forth in volumes, far beyond the re- 
quirements of all the planets of our system. Although there is 
probably some circle of action analogous to that which exists 
upon this earth, maintaining the permanency of the vegetable 
and animal world, still there must be a waste of energy, 
which must be re-supplied to the sun. 

May it not be, that Sir Isaac Nevdon’s idea, — that the comets 
traversing space gather up the waste heat of the solar system, 
and eventually, falling into the sun, restore its power, — is nearer 
the truth than the more modem hypothesis, that meteorites are 
incessantly raining an iron shower upon the solar surface, and 
by their mechanical impact reproducing the energy as con- 
stantly as it is expended. 
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THE PLYMOUTH BREAKWATER FORT. 

By S. J. MACKIE, C.E. 

[PLATE LXXII.] 



T O comprehend the nature and value of the Plymouth iron 
fort, its position, extent and nature should be clearly- 
defined. Plymouth Sound is a vast open U-shaped natural 
harbour, a little over three miles in length, and about as 
wide at its mouth in a direct line between Penlee Point on 
the west, and Reny Point on the east. At about one-third of 
its area the turbulent waves which roll in from tlie Atlantic 
are checked by a great breakwater formed of rocks quarried 
from the neighbouring hills, mainly at Oreston. In length, 
the breakwater is about 5,000 feet long, rising up with very 
shelving slopes out of some six to seven fathoms of water (at 
low tide). On the eastern side of the Sound, Staddon Point 
juts out well towards the eastern arm of the breakwater ; but 
on the western side the shore recedes between Penlee and 
Picklecombe into a large bay at Cawsand, forming a consider- 
able expanse of water. The actual deep-draught shipways, of 
more than a thousand feet in width, pass on either hand close 
to the horns of the breakwater, nearly behind the centre of 
which, at a distance of a hundred yards, is placed the iron 
fort, to which this article is devoted. At Picklecombe and at 
Bovisaud (the point of Staddon) there are granite casemated 
forts defending the water areas a little way in the rear ; the 
distances of these batteries being each about a mile from it. 
A mile and a half up the Sound is Drake’s Island, and half a 
mile further in the backgroimd the heights of Plymouth, also 
fortified, as well as are the entrances to the Hamoaze on the 
one hand, and to the Lairy on the other. The position of the 
breakwater fort is thus a most important one, and it is to be 
regarded as the main defence of the Sound. 

The iron fort is based upon masonry foundations faced with 
ranite, and rising 16 feet 6 inches above high-water spring 
tides. Its walls are set in from the masonry about 3 feet, 
there being thus a clear walk or glacis of that width all round 
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it. In form it is an oval, measuring upon its major axis at 
the base 143 feet 6 inches, and upon the minor axis 113 feet 
6 inches ; the curves being struck from two radii, one of 90 
feet 3 inches, the other 50 feet 9 inches. The batter of the 
wall is 1 in 11. In structure the iron wall consists of 15 
inches of iron in three thicknesses, in the following order ; —a 
front armour of three tiers of 5-inch plates, 21 feet 9 inches 
long, and respectively 4 feet 9| inches, 4 feet 1^ inches, and 
' 3 feet 5J inches wide (giving a total external height of 12 feet 
5 inches) ; a backing of 6 inches of common concrete ; next 
a layer of 5-inch bars 16^ inches wide; these being crossed 




behind by another layer of similar bars laid horizontally ; the 
whole supported internally by vertical iron bars, 5 inches thick 
and 1 2 inches deep, placed upright and edge wse and let into 
the floor through a footplate, as also into the roof at short 
intervals. The entire circumference is pierced, at distances of 
21 feet 9 inches from centre to centre, by eighteen ports for 
10-inch 400-pounder rifled guns, which when in position 
will point variously — some seaward, some across each of the 
two shipways, and others up the Sound ; but in no case does 
it appear that a converging fire of more than four guns can be 
obtained. 

This brief view of the situation will show that the passage 
of any hostile fleet would have to be made along the contiguous 
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waterways, and for deep-draught ships well within the thou- 
sand yards’ range. In other words, the fort would have to 
stand its battering, if attacked under such circumstances, at 
uncomfortably close quarters. Strength and invulnerability 
ought, therefore, to be its primary qualifications. 

In respect to strength, its very massiveness and weight of 
oval wall, must require, if even the materials were simply piled 
together, a very considerable force to throw them down ; but 
materials cost money, and rolled iron in large masses a good 
deal, too, both for manufacture and carriage. Any proper 
system of iron-fort building should clearly, then, be liased on 
the best mechanical plans of constructing with the use of 
the smallest amount of material employed in its cheapest 
forms. The structural cohesion of the whole fabric, and it.s 
power, in all its details, of clinging together, should also l>e 
leading features in all designs of this class, having in view 
the shattering and destructive effects of any heavy cannonade 
by modern artillery. 

It is impossible, unfortunately, to take the new iron fort at 
Plymouth as an example of remarkable engineering, or of 
first-rate constructive or scientific skill ; but it is, nevertheless, 
a topic of grave interest both in a national point of view 
and in respect to the immediate protection it is capable of 
giving to one of the most important naval arsenals of this 
country. 

In the memorable contest carried on at Shoeburyness in 
1868 an exciting interest was created between the rival targets 
constructed upon the plans of Colonel Inglis, of the Fortifica- 
tion Branch of the Koyal Engineers, and that designed by 
Mr. John Hughes, with the hollow stringer backing ; the work 
of the latter, victorious in respect to endurance and resistance, 
has already been described in this magazine (vol. vii. p. 345). 

The design for the Plymouth iron fort, which at that time 
was embodied in one of the competing targets, has since been 
carried into execution upon the same main principles which at 
that date proved so deficient of strength and cohesion in the 
representative casemate. Various parts and details have been 
modified, as much as they could be, to bring in those improve- 
ments which the experience of the artillery attacks and the 
suggestions of criticism had dictated. We have, then, in the 
final production a formidable structure, although not a scientific 
example of the best order ; but a fort, nevertheless, of consider- 
able strength, and, for the duties it might at the present time 
be called upon to perform, sufficient probably in its essential 
qualifications. One of the main reasons constantly repeated 
for adhering to the defective principles of the fort was an 
asserted economy in the use of the narrow bars. If, however. 
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we put the cost of the Plymouth fort, as it now stands, with 
the estimate of a comparative structure upon Mr. Hughes’s 
plan, we shall find that no saving has been effected by employ- 
ing bars instead of hollow stringers ; whilst the advantage of 
the latter would be very great in respect to defensive resistence. 

The accompanying woodcut will show the general structme 
of the walls of the Plymouth fort as they now stand. The 
front armour (a) is of rolled plates 5 inches thick ; behind this 
is a layer of shingle concrete 6 inches thick ; next a layer of 




HBCmOS OF IRON WAL1<, 8HOWIXO SYSTEM OF STUfCTUilB. 

a. Pace armonr ; • Coocrcto ; 6. Vertical bars ; c, UorizontAl bars ; t Iron concrete ; 
d. Wood plAnk« with Iron stnihi at intervals ;xxx. Bolts, backing ; p. Pcrpendicolar ; 

G. Glacis ; m m. Masonry foundation. 

vertical iron bars 1 6^ inches wide and 5 inches thick ; then a 
similar layer of bars (c) laid horizontally ; behind this a plaster- 
ing of iron turnings and asphalte 1 inch thick. In the rear 
the wall is supported by vertical iron bars 12 inches deep and 
5 inches thick, the intervals (about 10 inches) being packed 
with wood planks set edgewise. A glance at the composition 
shows that there is not the slightest mechanical cohesion in it, 
but that the whole mass is simply kept together by the bolts. 
If these give way, the disruption of the wall seems inevitable. 

» 2 



Digitized by Google 




168 



rorCLAB SCIENCE REVIEW. 



Moreover, the bulging effect of projectiles striking the front 
will open out the incoherent backing, if it do not actually draw 
the bars and timbering out of their footings. The concrete 
behind the face-plating will be quickly disintegrated by any 
heavy battering, and then the bolts being loosened in their 
hold, the armour will clatter about in certainly a very noisy 
manner, if with no further damaging results ; but how the 
multitude of bars will keep together in position imder such 
circumstances must be left to the constructors to explain, or 
probably for Providence hereafter to determine. 

In the Gibraltar shield, after the first failures of the bolts, 
others upon the pattern devised by Major Palliser were intro- 
duced. These had plus screw-threads, and were tapered away 
in the middle of the shank, so that when the strain was brought 
upon the bolt, the weakest part yielded and stretched. The 
objection to these bolts was, that they could not be used in 
ships, as there would be a cavity all roimd them. They stood, 
however, well enough in the land shield. In the Hughes 
shield there was another class of bolts of a much better cha- 
racter, founded by Mr. Parsons upon a similar basis. These 
were hollow cylinders with plus screw-threads, the cavities at 
the ends being closed by steel plugs. The cylinders or shanks, 
having thus the least substance stretched uniformly through- 
out, and being made of good ductile iron, the stretching limit 
was very considerable, and they were thus capable of withstand- 
ing admirably the strains brought upon them by the shot. 
They were cheap, too, as well as very strong. Subsequently, 
Lieutenant English, R.E., produced and patented a compound 
bolt with a carefully turned ball and socket-head on both ends, 
and a spiral spring-washer for buffing the rear nuts. The plan 
may be ingenious, but cui bono f If cheaper and less com- 
plicated bolts do the work required of them, why employ the 
costly which can do no more ? None have ever stood severer 
tests than Mr. Parsons’, or served their purpose better. 

What the effect of a concentrated broadside of the heaviest 
guns might be on the new Plymouth fort would be very hard 
to estimate ; and happily the heaviest guns at this moment are 
alone possessed by England. It will be remembered, how- 
ever, that at the Shoeburyness trials a salvo of three guns 
broke an orifice in the 15-inch structure through which a 
General entered the casemate. No salvo was ever fired against 
the 20-inch portion there, and the doubt therefore remains 
whether a lamination of 15 inches of iron plus 6 inches of 
concrete will keep out a concentrated broadside from such 
ships as the Hercules or the Devastation. If so, the credit 
will be due to the improvements made in the mechanical dis- 
tribution of the materials by the force of critical comments. 
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“ ^ARKERTON is being surveyed, and before long it will have 

X it® Market-square, Church-square, High-street, West-end, 
back slums, and river villas. . . . ITie Church Committee 
are calling for tenders for bricks. . . . The Standard Bank 
premises will shortly be completed ; and the British Commis- 
sioners’ OflBces will not be very much longer on the road.” 
Store is added to store ; and the jeweller’s store “ is as safe as if 
it were in the best watched site in London — nay, it is safer. . . 
At Pniel great attention is being given to sanitary measures. 
... Its natural situation entitles it to be called the very gate of 
the Diamond Fields. . . . Pniel and Parkerton are likely to live 
and flourish.” “Hebron is to have its races on January 2,” 
and Pniel also on the same day ; whilst the necessaries and 
comforts of life, together with music-halls, liquors, quack- 
medicines, and other accompaniments of civilisation, are 
announced as ready to hand at the above-named settlements 
in the Klip-drift Diamond-flelds, by the “ Diamond News and 
Vaal Advertiser,” No. 10, December 17, 1870, out of which 
paper and its “ Supplement ” (published at Pniel) the fore- 
going extracts have been taken. The newspaper and the 
nascent towns are, of course, due to the concourse of diamond- 
seekers, and of tradesmen supplying their wants, right and 
left of the Pniel Mission Station, near the “ Great Bend ” of the 
Vaal River, 480 miles north-east of Cape Town, upwards of 
300 miles due north of Port Elizabeth (Algoa Bay), and about 
290 miles west by north of D’Urban (Port Natal). 

There are numerous spots at which local proprietors, squat- 
ters, and regular diggers have met with diamonds along the 
valley of the Lower V’aal, as at Hebron, Klip-drift (or ford), 
Pniel Mission-station and its neighbouring grounds, Bultfontein 
(or Du Toit’s Pan), Zitzikamma, Yogelstruis Pan, Sitlacomie’s 
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Village, Sifonell’s Village, Gong-gong, Cawood’s Hope, Nichol- 
son’s Pan, Kalk farm (Litkliatlong, near the junction of the 
Hart with the Vaal at the “Great Bend”), and elsewhere, near 
the junction of the Modder and Vaal. Also below the junction 
of the Ky Gariep (Vaal) wth the Nu Gariep, to form the 
Gariep (Orange), diamonds have been found on several farms 
along the latter river, about twenty miles north-west of Hope- 
town. The finding-places, however, of the precious gem are 
not confined to the immediate neighbourhood of the Orange 
River and its great northern branch. The valleys of two, at 
least, of the tributaries of the latter (Vaal), namely the Modder 
and the Vet, have yielded specimens in their upper branches, 
near Fauresmith (eighty miles south of Pniel) and near Win- 
burg (seventy miles from the Vaal) respectively. High up the 
Vaal, also, at Bloemhof, twelve miles south-west of Potscherf- 
stroom, diamonds are said to occur ; and even above Bloemhof 
some diamonds have been found (I am informed by Mr. C. L. 
Grieslwch) on the Ma<juassi Spruit, a stream nxnning into the 
Vaal from the north, and some 250 miles away on the north- 
east, from the Hopebxwm District. Throughout this region, 
however, no place has hitlierto proved to be so rich in diamonds 
as the neighlxourhood of Pniel aliove-mentioned. Hebron, an 
old mission-station, alxxut ten miles up tlxe river, on its north 
Ixank, and within a great loop of the stream, has been a pro- 
ductive digging-ground. The Klip-drift (or ford), by which 
the waggon-track from the south crosses into Bctchuana Land, 
gives its name to tlie rich diggings five miles lower down the 
river than Pneil, mostly on the north side of the river, but 
including some grounds belonging to the missionary station, 
enclosed in a fine curve of the river, and traversed by the road 
to the south on its leaving the “ drift.” Four or five miles 
further down are the Gong-gong diggings, on the left bank of 
the river as it winds along on its north-westward course before 
receiving its northein tributary, the Hart, and making its 
“ Great Bend ” to tlie south-west ; and the new diggings called 
Cawood’s Hope are just opposite. All the diamond-iiggings 
about Pneil, and to the north-east and north-west, are called 
the “ Diamond-fields of Pneil,” or “ of the Lower Vaal,” or the 
“ Klip-drift Diamond-fields ; ” whilst the diggings near the ford 
indicate the “Klip-drift Diamond-field” in particular. 

This rich diamond-bearing district, traversed by the winding 
Vaal, and suddenly occupied by an energetic digging and trading 
community from all parts of the world, belongs partly to the 
Pniel l^Iissionary Establishment, within the Emits of the Orange 
River Free {States ; but the north side of the valley* is claimed 

• Referred to os “ Adamanta ’’ in the “ Grahamstown Journal " of 
January 30. 



Digitized by Google 




SOUTH AFRICA AND ITS DIAMONDS. 171 

both by native chiefs of the Batclapin (or Koranna) tribes, and 
by the Orange River Free States (lying south of the river), and 
even by tlie Transvaal Republic, whose main territory is higher 
up to the East on the north side of the Vaal. The rights of 
ownership and the demarcation of boundaries are to be settled 
by Commissioners or otherwise ; and some kind of regular 
government has to be organised, in spite of the rowdyism 
of the gem-seeking cosmopolites and the disputes of the con- 
terminous states and tribes, if the diamond-yielding character 
of the region be persistent, or if the labour and capital of 
the present settlers succeed, as is probable, in fixing civilised 
homes thus far in the Interior, in spite of the sandy and stony 
soil, and of the floods of one season of the year and the scorch- 
ing heats of another. 

Of the Klip-drift Diamond-field a surveyed plan has been 
sent to England by Mr. E. T. Cooper, one of the Government 
land-surveyors of the Cape Colony. It was published in the 
“Mining Journal” of March 4, 1871, and gives a good notion 
of the existing topography and drainage, and of their relation 
to the prolwble conditions under which the diamonds were 
deposited there. 

At and near Klip-drift the river has an extremely winding 
course among somewhat flat-topped hills, a mile or so in their 
greater diameters, and varying from 300 to 450 feet in height, 
with gullies or creeks running down between them to the river. 
The tops and slopes of these hills (“Kopjes” they are locally 
termed) have been the chief sources of diamonds to the diggers. 
According to Mr. E. T. Cooper, writing in October 1870, 
Hond’s Kopje, 400 feet high, has yielded possibly 15,000/. wortlj 
of diamonds; Rosa’s Kopje, 400 feet, about 100,000/. worth 
(including a diamond of fifty-six carats) ; and Original Kopje, 
800 feet, upwards of 100,000/. worth.* The yield of the hills 
on either side of the river at the drift or ford itself (on the 
mission ground 450 feet, and opposite about 50 feet high) is 
not specified. 

The flats by the waterside do not appear to have been here suc- 
cessfully worked — only the sides and summits of the hills ; and 
here the diamonds are found in a ferruginous gravelly alluvium, 

* These estimated values for Klip-drift alone far surpass the declared 
value of the diamonds shipped to England, according to the statement in 
the “Times” for February 7, 1871. Klip-drift, rich as it is, has been 
•deserted by the digger for Hebron and Cawood’s Hope. The latter place is 
opposite Uong-gong, and the diggings are in recent alluvium, accumulated 
by the river between an island and the bank. This we learn, whibt this 
paper is in the press, from Mr. Barry’s Lecture of January 27, reported in 
the “Grahamstown Journal,” and reprinted in the “ Colonial _News ” of 
March 17. 
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consisting mainly of lydite, jasper, agate, and quartz, with 
ochre and rotten felspar, mingled with large and small blocks 
of the felspathic amygdaloidal trap-rocks that constitute the 
bulk of each hill. Indeed this basement-rock is imdergoing 
decomposition, some of it breaking up into rotten ochreoua 
felspar, with frequent concretions of chalcedony (agate and 
camelian), whilst other portions, less decomposable, remain in 
angular and exfoliating pieces. 

At different spots, however, the gravel varies in its constitu- 
tion. Eock-crystal is plentiful in some places, and amethyst 
also occurs. Garnet, peridot, mesotype, natrolite, and calcite 
abound here and there ; but the exact conditions under which 
they are met with have not been noticed as yet. Brown mundic 
(hepatic pyrites), ilmenite, specular iron-ore, diopside, tour- 
maline, and diamond are rarer minerals in the gravel. Of 
nearly all the above-mentioned minerals there are water- worn, 
freshly broken, and perfect crystals. The chalcedony, also, and 
jaspers occur in both the worn and the unworn state. 

It has been suggested by the late R. N. Rubidge and others 
that large areas of this part of South Africa have been at a long 
distant period (and yet recently as regards geological time) 
covered with alluvia, derived from the operations of water and 
weather on the vast region drained by the head-waters of the 
Orange and Vaal, and now represented in part by the great 
Quathlamba or Draakenberg. This mighty range and its 
southern spurs supply by far the majority of the sources of 
the present Orange River system, and still yield to the 
upper valleys agate gravel in abundance, from their amyg- 
daloidal volcanic rocks. To the north, however, in the Trans- 
vaal, some of the head-waters of the Vaal (Ky Gariep) rise in 
the Gats Rand and other mountains, which consist of a different 
rock-system. To these allusion will again be made when we 
consider the probable origin of the diamonds. (See my paper 
on the Geology of the Diamond-fields of South Africa — “ Geo- 
logical Magazine,” February 1871 — for technical details and 
full references to published papers and other materials.) 

The ancient alluvial plains, above alluded to, were probably 
terraced, according to our authors, by the successive subsidences 
of lake and river ; and here and there they were at times 
coated with beds of calcareous tufa, derived from aggregations 
of fresh-water and land shells ; and this still lies thick on many 
parts, and serves as a source of lime to the Colonists of the 
Interior. The work of natural denudation, or the remodelling 
of the surface by rain and rivers, progressed, whether aided or 
not by ice-action (as suggested of late by Mr. G. W. Stow for 
the smface-modification of the Stormberg and Queenstown 
country further south), and ultimately the levels of the present 
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drainage-system were arrived at ; portions of the old high-level 
alluvium being left imdisturhed on those stable portions of the 
valley-floor that resisted the wear and tear of denudation. If 
this be so — and it is likely enough — the precious gems brought 
to their places by the old system of d^nage of the former 
high-level flats still lie amongst the remnants of local debris 
and ancient drift on the Kopjes, which remain like the navvy’s 
“ dead-men ” of excavated plains, and in the fallen talus and 
running sand and gravel of their slopes, whilst few turn up at 
lower levels. 

Nevertheless, there must be places further down the valley,* 
probably as “ pockets,” or patches of small extent, in or near 
the present river channel, into which the hard and heavy gems 
have been sorted (like gold-dust or tin-stone) from amongst the 
miscellaneous sand and gravel. Whether or no it will be worth 
while to cut ofif some bends in the river by short cuts, and work 
over the drained river-bed, energy and experience will probably 
some day prove. 

But whence came the diamonds at first ? And, if their origin 
can be traced, will it be profitable to look for them in their 
native matrix ? 

All the world knows that diamonds, whether in India, 
Borneo, Sumatra, South Australia, the Ural, Algiers, California, 
the United States, or Brazil, are got from alluvial gravel 
derived from more or less distant mountains. In Brazil only 
have these gems been found in their native beds, namely, in a 
granular quartzose schist (itacolumite), and some other schists 
(micaceous, chloritic, talcose, homblendic, and argillaceous) 
associated therewith. These, together with some accompanying 
limestone bands, evidently represent, in metamorphosed (highly 
altered) conditions, some very old sandstones, clays, shell-beds, 
&c., such as constitute any one formation of marine and fluvio- 
marine deposits. The diamond crystals that occur in these 
Brazilian schists may also be, and indeed are always regarded 
as being, the results of some of the changes that have affected 
the strata in question ; and they may represent the carbon of 
old carbonaceous deposits, separated and purified from hydrogen, 
clay, and other matters, whether within the original mass of 
the strata, or sublimed through pores and fissures from still 
more deeply seated sources of carbon. 

It was suggested by the late Dr. Rubidge that the direct 
heat and pressure of volcanic dykes passing through coal-beds 
might bring about a change of hydrocarbons, prefacing pure 
carbon ( = ^amond), as they have changed certain coal-seams 

* See the foregoing footnote. 
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in South Africa and elsewhere into coke, anthracite, and 
graphite, which are almost pure carbon. Although the chain 
of evidence is here incomplete, this hypothesis has ardent 
supporters in the Capo Colony, inasmuch as the trap-rocks 
above referred to as constituting a main portion, if not all, of 
the Kopjes at Klip-drift are, without doubt, of volcanic origin, 
whether they be dykes or outspread masses, and have passed 
through the fissured strata that here and there in the gullies 
are seen to lie beneath, forming the yet lower foundation of 
the district. 

Tlie low-ljfing strata, moreover, are known to be a part of 
the great stratified formation tliat crops out along the hill-sides 
south of the Orange Kiver basin, in the Colesberg, Smithfield, 
Harrismith, and other districts to the south and east, and 
which, indeed, constitutes all the Interior of the Colony withiu 
the circling ranges of Kamaqualand, the Bokkevcld, Zwarte- 
bergen, Winterhoek, and Zuiu'bergen, ending near the moutli 
of the Great Fish Kiver in Albany, on the south-eastern coast. 
Within this great area the nearly horizontal and probably 
lacustrine (Triassic) strata, first examined, defined, mapped, 
and described by the late A. G. Bain, spread far and wide ; 
and their geological name, “ Karoo Formation,” is derived 
from the Great Karoo Desert, which is a characteristic feature 
of a considerable tract in the Worcester and Beaufort Divisions. 
They are also known as the ‘ Dicymdori strata,’ on account of 
the prevalence of the remains of that remarkable two-toothed 
reptile in some of the beds. The Karoo Formation consists of 
an enormous series of shales and sandstones, accompanied by 
some calcareous bands, and rich at places with the wonderful 
remains of the above-mentioned reptile and many others ; also 
with fishes of the paheoniscan type, together with seams of 
lignite and coal, remains of coniferous trees, ferns, and other 
plants. Throughout tlieir whole extent these Karoo strata are 
crossed by fre(juent dykes of doleritic, dioritic, and syenitic 
trap-rocks, at different angles, and are often overlain by, or 
intercalated with, similar igneous rock. Here, then, are some 
of the elements required in Dr. Bubidge’s hypothesis of the 
formation of diamond from coal by volcanic interference ; but 
direct proofs are altogether wanting. We see here also the 
reason why many of the Colonists, who have read geological 
books, and observed something of the structure of their country, 
are so ready to suppose that the diamonds are native to the 
spots where they are found— converted, they imagine, out of 
hidden coal-beds and plant-remains by the subterranean heat, 
of which, truly enough, the volcanic rocks bear witness. 

Let us look again at the accompaniments of the diamond 
crystals at Klip-drift and thereabouts ; and although the agate 
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and camelian, the peridot, mesotype, natrolite, calcite, and 
probably the rock-crystal and amethyst, have been derived 
from the veins, glodes, and kernels of the amygdaloidal and 
other trappean rocks in place — and we may add the garnet too, 
for I have a specimen of molaphyre (?) loaded with garnets, 
labelled “ from near the Orange Kiver ” — yet the lydite must 
have come from some old metamorphic rocks; and we may 
associate with it the hepatic mundic, the ilmenite, specular 
iron-ore, diopside, tourmaline, and most probably the diamond 
as well. 

ilany of these specimens, not being waterwom, could not 
have travelled far. There are, however, two very probable 
local sources for them : namely, 1st, Outcrops of old rocks, still 
lower in the series than the Karoo beds which lie on the floor 
of the valley, pierced and covered by the greenstone and 
amygdaloidal lavas ; and such outcroppings are indicated here 
and there in the Orange Eiver Free States and the coimtry to 
the west. 2nd, The blocks and smaller fragments of old 
rocks, constituting the materials of some of the Karoo beds 
themselves. 

We must further observe that, on the one hand, the great 
Draakenberg, based, no doubt, on old metamorphic rocks, such 
as .Sutherland and Griesbach have met with on the Natal side 
of that range,* has supplied, and may still supply, to some of 
its rivers the minerals of the older series of rocks, as well as of 
the Karoo beds and their dykes. On the other hand, the 
northern head-waters of the Vaal come direct from oflf old 
metamorphic rocks, aiul have some diamonds in their valleys 
before they reach that part of the Vaal which flows over Karoo 
strata. 

We may add that down all the valleys of the Orange River- 
system ice may have played its part, as among the hills 
further south, and have carried blocks and crystals for miles, 
and left them to be detached, unharmed, by subsequent opera- 
tions of rain and rivers. 

Lastly, what are the metamorphic rocks of the Transvaal and 
the Upper Vaal, on the one hand, and of the base of the Draaken- 
berg, on the other ? We know that “ Devonian ” schists, sup- 
porting an old sandstone, are present in the latter, and that 
similar rocks lie against still older mica-schists, marble, gneiss, 
and granite in the Gats Rand about the head-waters of the 
Vaal. And, further, we now know that the Karoo beds of the 
Stormberg, between Washbank and Queenstown, lie on the 
palscozoic carboniferous strata containing Lepidodendron, Sigil- 

* Willi similar rocks on this eastern side of the range, prohahly diamonds 
mar also he found in the alluvium of the valleys. 
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laria, Calamites, and coal ; and in Natal they lie unconform- 
ably against this old carboniferous formation, igneous rock 
inten’ening. If, then, these palaeozoic coal-beds, stretching 
further to the north-east, have participated in the crumplings, 
squeezings, and slow changes of the crush and metamorphim 
affecting the deep-seated Devonian and other rocks, they are 
likely enough to have yielded their carbon to the mica-schists, 
clay-slates, gneiss, and quartzites, not only as graphite, but as 
diamond ; whilst the other elements of the altered strata went 
to form the mimdic, ilmenite, tourmaline, and other minerals 
known to have been produced by similar metamorphism in the 
diamantiferous rocks of Brazil. 

It is not found to be profitable, however, there to work these 
gem-bearing rocks, though softened by atmospheric and aqueous 
agencies. The grand machinery of the rivers has carried down 
and sorted the material better than man can do it. We should 
not, therefore, be certain, if the birthplace of the South- African 
diamond were found either in the Gats Rand, at the roots of 
the Draakenberg, in some isolated patches of old rock in the 
Orange River basin, or in the material of the Karoo beds 
themselves, that it would be at all profitable to attack it with 
pick and shovel, or with other machinery. The more scientific 
plan would be for a clear notion of the stratigraphical structure 
of the whole country, and of its geological history, to be 
worked out by a thoroughly educated obrerver ; whereby the 
place of origin, the mode of transport, the sites of deposit, and 
probably of re-deposit, of the coveted gems should be satis- 
factorily mastered. This would be a pleasing task, and a long 
work, for a hard-muscled, fever-free, enthusiastic young geolo- 
gist, willing to do the Colony, nay, the world, a service, with 
little hope of monetary reward. Without waiting, however, for 
this perfect and disinterested guide, and for many a year to 
come, the bold empiricism and blundering pluck of the white 
man will snatch the bigger gems and bury myriads of good 
diamond grains, and, may be, other jewels, in acres of heaped 
rubbish, for John Chinaman some day to sift. And fortunes 
will have come to few and misery to many, but average means 
of existence to the mass of those who venture on the doubtful 
groimds of hidden wealth, digging and digging until the soil, 
as usual, gives its return of crops and herds, instead of the 
hoped-for, but less desirable, gold or gem. 
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THE BONES OF MAMMALS.* 

"lini. FLOWER took the subject of the mammalien skeleton for his first 
iU- course of lectures at the College of Surgeons. The subject was hardly, 
one might think, a novel one ; yet the author showed, by the number of his 
researches and the peculiar views which he expressed, that it was one in 
which, ns in every other department of comparative anatomy, originality 
might be shown. Bat, apart from this view of the matter, we think that 
Professor Flower has done well ; for he has given the student — what be 
could not obtain before in a similarly easy manner — a sketch not only of 
the human skeleton, but also of the various forms of the mammalian t 3 rpe, 
which differ more or less from the human arrangement. Unlike many, 
who would have thought the skeleton of man unimportant, he places 
it first under each section, and then describes the typical forms he has 
chosen to represent the orders of mammalia. Some may imagine that a 
book merely on the bones of mammals must be necessarily dry and unin- 
teresting. It is not so, however ; and when one remembers that in all our 
fossils we have nothing left hut a congeries of bones, he sees the immense 
importance and profit derivable from such a pursuit. It is, in the opinion 
of many comparative anatomists, of no consequence at what part of the 
scale we begin, whether among the monotremcUa or man. But we think 
Mr. Flower is just in his conceptions on this point. lie says “the structure 
of man has undoubtedly a more universal interest than that of any other 
organised being, and has therefore been more thoroughly worked out ; and, 
as the majority of terms used in describing the parts composing the bodies 
of vertebrate animals were originally bestowed on account of their form, re- 
lation, or real or fancied resemblance to some object, as they were met with 
in man, there are advantages in commencing with members of the highest 
class, and mastering their essential characters before proceeding to acquire 
knowledge of the other groups.” In this we quite agree, and although there 
are simpler forms, yet man's osteology is so himiliar to every student that 



* “ An Introduction to the Osteology of the Mammalia ; being the sub- 
stance of the course of Lectures delivered at the Roval College of Surgeons 
in 1870.” By William Hemy Flower, F.R.S., F.ILC.S. London : Mac- 
millan, 1870. 
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it naturally cornea firat. The author, in clnsaifying the mammals, follows 
l)e Blainville'a ayatem, and divides them into Monoddp/iia, Didelphia, and 
Omiihodelphia, the two latter representing respectively the marmpialia and 
monolrrmata, and the firat including the remaining mammals. Of the 
principal mammalia he takes the following views. He places the Edentata 
quite by themselves, as a low order of the mammalian division. The 
Primates include man and all monkeys, and with some doubt he places 
also among this group the Lemurina. Next the ChiropUra, or bats. Then 
the Insectimra, or hedgehogs, shrews, moles, &c. The Camitora he divides 
into Fissipedia, including the cats, dogs, bears, and their various modifica- 
tions, and the Pinnipedia, including the seals, walrus, and eared seals, or 
sea-lions, as they are termed. The Cetacea contains two sub-orders — the 
Mystaceti, or whalebone whales, and the Odontoceti, including the cachalots, 
narwhals, dolphins, and porpoises. Then come the Sirenia, including the 
manati and dugong. Next the Vngtdata. These he divides into the 
Perissodactyla, or odd-toed, containing the horse, tapir, and rhinoceros, and 
the Artiodactyla, which he subdivides into four sections — (a) the non- 
ruminating, including the pigs, peccaries, and hippopotamus ; (6) the 
cushion-footed, or Tylopoda, the camels, and llamas ; (c) the Tragulina, a 
group of little deeMike animals, formerly placed with the musk-deer; 
(d) the Pecora, including the deer, giraffes, antelopes, sheep, goats, and 
oxen. Next comes the order Hyracoidea, including alone the genus Hyrar. 
Then the Proboscidea, including the Asian and African elephants; and, 
lastly, the tenth order, the Rodenlia, embracing the hares, rats, guinea- 
pigs, porcupines, beavers, squirrels, &c. The animals in the two other 
divisions we have already stated. On the contents of the volume it is 
as unnecessary as it would be out of place for us to enter. It is ad- 
mirably lucid and wonderfully condensed. The section on the skull is a 
marvellous chapter ; it contains so much in so little space. The illustrations 
are remarkably clear, and have most of them been drawn for the present 
work ; they are 120 in number, and they very fairly represent the osteology 
of the whole mammalian group. We hope the book may have a laige 
sale, for it is literally the only thing of its kind in our language. 



NATURAL PinLOSOPHY.* 



VJU t; have had more than enough of treatises on Natural Philosophy. 
Yet wo have had very few to which we have been able to award 



even the most distant praise. Here is another treatise adapted, it is said, 
for the use of schools and junior students, and what shall we say of it ? In 
the first place, wo must observe that it is adapted to the use of schools 
alone. As a book for students — such for instance as first year’s university 
men — it is quite unsuited to the end ; it is a thousand times too simple 
and elementarj’. I'or schools, however, we think it a very good book, 



• Elementary Natural Philosophy ; being a course of nine Lectures specially 
adapted for the use of Schools and Junior Students.” By J. Clifton Ward 
F.G.S. London : Triibner, 1871. ’ 
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letter than most of its kind, and it gives us great pleasure to express our 
approval of it. It does not possess that quality which so many works of 
its class exhibit, viz. the manufacture from three or four standard treatises. 
Of course Tvndall’s and such-like books have been referred to and taken 
from largely. Yet we think the author has selected well from the sources 
to which he has gone, and we think he is entitled to praise for his efforts. 
His style, too, is short and clear, and he leaves no stone unturned for his pupil, 
but endeavours to his utmost to make the subject intelligible. The wo^- 
cuts are very simple, but they are sufficiently numerous. The author has 
dealt with electricity, magnetism, light, sound, heat, and pneumatics and 
hydrostatics. He has discharged his task simply and well. There is only 
one thing to be regretted, and that is a list of instruments, &c. which is 
furnished by Messrs. Home and Thomthwaite. This is ridiculously expensive, 
and is altogether out of keeping with such a work, seeing that it reaches to 
no lees than 821 



STRANGE DWELLINGS.* 

O F the many writers of popular natural history works which there are 
abroad, and the multitude of works they each of them publish, there 
are not many that possess excellence or accuracy. But when we look at 
home what do we see P Can we assert that the writers who produce those 
handsome popular works are a whit more accurate in England than 
in France or Germany ? We fear we cannot do so to any great extent. 
Whether it is Mr. Wood or M. Figuier, we fancy there is not much 
to choose, though we imagine that our English author of natural history 
books cares more for truth than does the Frenchman. At all events, there 
is no doubt at all that Mr. Wood is a marvellous book-maker, and there 
is little question that though some of his books may contain errors, 
yet that these are few, and are partly compensated for by the admirable 
manner in which he describes his facts and figures his specimena The 
book before us contains some 400 pages, and is practically an abridgment 
of his very best work — “ Homes without Hands.” We ourselves do not 
see the necessity of an abridgment. “ Homes without Hands ” was an 
admirable volume, exceedingly well illustrated, and, so far as wo could see, 
by no means too large. But of course the author has had his own ex- 
perience, and we cannot blame him for producing a smaller and cheaper 
edition. The work contains descriptions of animals only in reference to 
their homes, and these are clearly and fully described and figured. The 
sketches appear to us to be abbreviations of the larger ones in the parent 
volume, but they are not good cuts ; indeed, this seems to us to he a point on 
which the author should be blamed, for the illustrations, as compared with 
those of some of the French volumes reproduced in this country, are fur 
inferior — they aro thin and bald, if we may use the terms, and in many 



• “ Strange Dwellings ; being a description of the Habitations of Animals.” 
Abridged from “ Homes without Hands?’ By the Rev. J. G. Wood, M..\., 
F.L.S. London : Longmans, 1871. 
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cases are very badly printed. The book classifies animals according as they 
(1) burrow in the ground; or (2) suspend their homes in the air; or (3) 
build them of sticks, mud, stone, and so forth ; or (4) make their habita- 
tions under the water; or (6) live socially in communities ; or (6) are para- 
sites upon other animals or plants; or, lastly (7), those which build on 
branches. Ilia account of the habits of some animals is very interesting. 
Thus, speaking of the carious robber-crab of the Indian Ocean, a creature 
whose gills are kept moistened by a store of water, which enables it to live 
for a whole day of twenty-four hours without a visit to the ocean, he 
quotes from Mr. Darwin, and tells us that the species ‘'seizes upon the 
fallen cocoa-nuts, and with its enormous pincers tears away the outer 
covering, reducing it to a mass of ravelled threads. This substance is 
carried by the crabs into their holes for the purpose of forming a bed, 
whereon they can rest when they change their sheila ; and the Malays are 
in the habit of robbing the burrows of these stored fibres, which are ready 

picked for them, and which they use as junk When the crab 

has freed the nut from the husk, it introduces the small end of the claw into 
one of the little holes which are found at one end of the cocoa-nut, and, by 
turning the claw backwards and forwards, as if it were a bradawl, the 
crab contrives to scoop out the soft substance of the nut” If wo mistake 
not, an exquisite woodcut accompanied this account in the parent volume, 
which we wish the author had introduced into this. As we have already 
said, the book is a good one, but tbe illustrations are bad ; and that, 
in these days of elaborate woodcuts, is a fault for which we think Mr. Wood 
cannot be blamed too much. Description is yery good in its way, but 
illustration fixes it on tbe mind for ever. 



THE STUDENT’S GEOLOGY.* 

T his, which appears a new work, and which in point of the novelties of 
geology with which it abounds, is really so, is nevertheless but a new edi- 
tion of a work which every biologist is already familiar with — the “ Elements ” 
of Geology. The “ Elements " was, as the author states, out of print 
in 1808, and he set to work with the idea of bringing out a new edition. 
But various infiuonces were at work upon him to induce him “not to repeat 
those theoretical discussions, but to confine himself, in the new treatise, to 
those parts of the ‘ Elements ’ which were most indispensable to a beginner.” 
This was, in fact, to revert to the first edition of his work. It was a 
difilcult task : many chapters had of course to be recast, figures of particular 
specimens bad to be cancelled and replaced by others, and additional illus- 
trations had to be brought in. Nevertheless, Sir Charles Lyell set to the 
task, and in bringing out the present new series — “ The Student’s Elements 
of Geology” — he has discharged a task for which he must receive the grate- 
ful thanks of all who study geology, and of all those who wish to see the 



* “ The Student’s Elements of Geology,” by Sir Charles Lyell, Bart., 
F.B.S. London : John Murray, 1871. 
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wience advAnced. We think, too, that the wants of the reader are far better 
supplied than the modest author imagines when he refers, in illustration, to 
the “ old woman in New England who asked a bookseller to supply her 
with the cheapest bible in the largest possible print.” We look upon this 
last book of Sir Charles Lyell’s as a perfect model, for it contains almost 
everything that the geologist who is not engaged in advancing the study of 
geology should know, while for the student it contains everything which 
he requires. We admire, too, the way in which the author has been at 
pains to illustrate everything, conscious, doubtless, from long experience, 
of the groat necessity of having multitudes of wood-engravings in a text 
which will be chiefly read, by those commencing the study of this most 
entrancing and wonderful science. This will be the more evident when we 
say that the text extends over 600 pages, and the woodcuts reach no less a 
number than 630. It would, of course, be impossible to review a book like 
this beyond merely stating our opinion of it, as we have done. But, how- 
ever, we may refer to one or two sections, showing how the author has 
brought in the most recently ascertained facts within the compass of his space. 
Especially is this shown in his references to Carpenter and Wyville Thom- 
son's idea of the present existence of the chalk formation, an opinion founded 
on the presence in the Atlantic of a few chalk shells hitherto considered 
fossil. “ We must be careful,” says Sir Charles Lyell, “ not to overrate the 
points of resemblance which the deep-sea investigations have placed in a 
strong light. They have been supposed by some naturalists to warrant a 
conclu.sion expressed in these words: ‘ We are still living in the Cretaceous 
Epoch ' — a doctrine which has led to much popular delusion as to the bear- 
ing of the new facts on geological reasoning and classification. The reader 
should he reminded that we have been in the habit of founding our great chro- 
nological divisions not on foraminifera and sponges, nor even on Echinoderms 
and corals, but on the remains of the most highly organised beings available 
to us, such as the mollusca, these being met with in stratified rocks of 
almost every age. In dealing with the mollusca, it is those of the highest or 
most specialised organisation which afford us the best characters in propor- 
tion as their vertical range is the most limited. Thus the Cephalopoda are 
the most valuable as having a more restricted range in time than the Ciastero- 
pi>da, and these again are more characteristic of the particular stratigraphical 
subdivisions than are the Lamelli branchiate bivalves, while these again are 
more serviceable in classification than the Brachiopoda, a still lower class of 
shell-fish, which are the most enduring of all. When told that the new 
dredgings prove that ‘ we are still living in the Ciialk Period ’ we naturally 
ask whether some cuttle-fish has been found with a belemnite forming part 
of its internal framework ? or have Auimonites, Baculites, llamites, Turri- 
lites, with four or five other Ceplialopodous genera characteristic of the 
chalk, and unknown as tertiary, been met with in the abysses of the ocean ? 
Or, in the absence of these long extinct forms, has a single spiral univalve or 
species of cretaceous Gasteropod been found living ? Or, to de.scend still lower 
ill the scale, has some characteristic cretaceous of Lamellibrauchiate bivalve 
. . . been proved to have survived down to our time P ... It has Ireen very 
generally admitted by conchologists that out of a hundred species of this 
(Brachiopod) tribe occurring fossil in the Upper Chalk, one, and one only, 
VOL. X. NO. XXXI.\. 0 
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TerebratuHna striata, is still livinsr, bein(r thought to be identical with T. 
caput terpentu. Although this identity is still questioned by some naturalists 
of authority, it would certainly not surprise us if another lamp-shell of equal 
antiquity should be met with in the deep sea.” We have given at length 
Sir Charles’s words because they have so mnch weight ; not simply because 
they are his, but because of the weighty evidence they bring forward. We 
do not see how they can be received with the slightest doubt ; and we are 
the more surprised that Dr. Carpenter, although no geologist, should have 
countenanced such a view, the more so as there is no reason to believe — indeed 
much against the belief — that the chalk has been continuous down to tlie 
pre.sent. In fact, to use Sir Charles's concluding remarks, “To talk of the 
chalk having been uninterruptedly forming in the Atlantic from the Creta- 
ceous Period to our own is os inadmiiviblein a r/eopraphical as a genUigical sense." 
We have been unable, from want of space, to say a word of the many valuable 
discoveries of Dr. Falconer in India, of Professor Ileer's observations on the 
Upper Miocene of Switzerland, or of Mr. Carruthers’ numerously quoted 
observations on fossil plants. Put we mention them as particularly worthy 
of note, and thus we close our notice of one of the finest text-books which 
lor years has appeared in this country. 



THE SUN.* 

T he author of this work is, we say it without the slightest ill-feeling, or 
the remotest tinge of satire, a moat remarkable man. We say this, because 
within the last two years we have witnea.sed some of his work, and because 
we are taken with the most intense surprise at the vastnoss of his labours. 
In our last number we noticed briefly an extensive work entitled “Other 
Worlds than Ours,” and now we have before us a still larger one of nearly 
600 pages, on the most interesting, as it is certainly now the best examined, 
subject in Astronomy — the Sun. And it must not for one moment be 
imagined that this is a mere popular work. It is indeed rather more tech- 
nical, although it is addre.s.sed to the general public. A work which deals 
with the subject of spectroscopy in the most recent manner, with the tlieories 
of the sun’s surface, taking into ample discussion the views of Loewy, De la 
Rue, Secchi, Nasmyth, Dawes, and Stewart, which goes into the terribly 
difficult problems of prominences and chromosphere, dealing with the obser- 
vations of Young, Dr. Zbllner, and Respighi, and, lastly, which narrates the 
several results obtained as to the corona and zodiacal light, is not a book 
which can be hastily read, or one for which the render is not highly indebted 
to the author. Now, such a work is that which Mr. Proctor has set before 
us. We can of course notice but a very feeble portion of so deeply interest- 
ing a volume, though we wish we had space to go into a thorough review 
of it. But we may notice from the book the author’s account of Professor 
Respighi's researches ns to those singular projections of luminous matter 
from the sun which have of late years attracted so much attention, and 
created so much discussion among astronomers. I’rofessor Respighi thinks 

• “The Sun: Ruler, Fire, Light and Life of the Planetary System.” Bv 
Richard A. Proctor, B. A., I'.R. A. S. London: Longmans, 1871. 
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the prominences have no analog to clouds, but are mostly phenomena of 
eniption. Where there are faculte, there are also prominences, but they 
are not identical with each other. Over sun-spots there are low jets, hut no 
high prominences. In the circumpolar regions the prominences are few, 
small, and last a short time. At the solar equator they are less active and 
frequent than in higher solar latitudes. He noticed some prominences ex- 
ceeding three minutes, or ten terrestrial diameters in altitude, and one pro- 
minence bad an elevation of no less than 160,000 miles. Professor Respighi 
found that the formation of a prominence is usually preceded by the appear- 
ance of a rectilinear jet, either vertical or oblique, and very bright and 
well defined. It rises to a great height, then bends bock again, and ends 
by falling into the sun, sometimes forming a cloud in doing so. It is in the 
upper part of such prominences that the most remarkable and rapid trans- 
formations are seen, but a great difference is observed in the rate with 
which prominences change figure. Their duration, too, is variable— some are 
minutes, some even days in existence. The I’rofcssor thinks, says Mr. 
Proctor, that “the sharpl 3 '-defined bases of the eruptive jets prove that 
the eruption takes place through some compact substance forming a species 
of solar crust. He agrees with Ziillner in considering that the enormous 
velocity with which these gaseous matters rush through the solar atmosphere 
implies that the latter is of exceeding tenuity.” 

It is out of our power to go further into the substance of this book. 
The quotation we have given shows the character of the volume, and we 
can only say that it abounds in novelties to the general reader as striking 
us the foregoing. It is elaborately illustrated, the coloured lithographs of 
the spectroscopic observations being especially good, and being valuable to 
the general student because of their absence from all works with which he 
comes in contact. In point of style the work is everything that could be 
desired. In conclusion, we must say a word of praise for the publishers 
and printers — the book is admirably got up, both as to paper, print, and 
illustration. 



THE HONEY-BEE.’ 

rpiIE first edition of this work was published, we believe, in 18.38, and 
JL was dedicated to Her Majesty. The present edition has been carried 
out by a dear friend of the author, whom he had arranged with to complete 
the work after his death. Y’et we confess our inability to see any great 
advances which have been made. We do not mean that the present work 
is not a larger and more important volume than its parent ; but what seems to 
Its is this— that, so far as recent work is concerned, it really is most defective. 
There is an endless amount of quotation from Aristotle and Huber and the 
several old anatomists who did so much good work. But we do not find 
any account of recent researches, at least anything worth speaking of. The 
editor says be has been abroad, and it surprises us that he has not heard of 

• “ The Honey-bee : Its Natural History, Physiology, and Management.” 
By Edward Bevan, M.U. Revised, enlarged, and illustrated by William 
Augustus Mimn, F.R.H.S. London: Van Voorst, 1870. 
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the multitudinous work«nd experiment* of theOennan hee-masler*. Many 
of the statement* which the volume contains have been lonp Bffo shown to 
be incorrect. In no case is this more marked than in the anatomy of the 
l>ee ; the author's most recent authority seeming to be Cuvier. Indeed, it 
would seem to ns as though the editor's “ bar and frame hive" was the only 
novelty in the volume, and was the sole cause why a new edition has been 
bromrht out. Xo doubt the opinions of the older anatomists and bee-culti- 
vators are of interest^ hut that they are now completely out of date there 
is not the least doubt in the world. For instance, it i* perfectly abeurd to 
make up a book by inserting the matter which has filled various work* 
during the last century or so. If we may so express ourselves, the book is 
too miK'h of the tv-pe of “ Kirby and Rpence,” and has the disadvantage 
of being vastly older. We certainly do not regard it as in any shape 
or form worthy to be styled a modem work upon the subject it is supposed 
to treat. Doubtless, ft contains an immense store of facts; but then these 
are to be found in every work of the kind published for the last fifty years, 
and, what is worse, a very large number of them are utterly unreliable. 



POPULAR PHYSIOLOGY.* 

I T is surprising, but not the less tiue, that, great as one would expect the 
interest to be produced by a knowledge of the humau frame, and 
interesting as one would imagine the study of the human frame to be, 
nevertheless book.s on physiology have almost always been a failure so far 
as the general public is concerned. Great as may be their wonder when some 
simple phenomenon in the human frame is explained, and intense as may 
1)0 their interest under peculiar circumstances in knowing even the most 
elementary part of the human structure, yet, nevertheleas, when good books, 
amply illustrated, are placed within their reach by popular writers, they 
are seldom or never purchased, and they almost invariably cause a dead 
I 0 S.S to either the author or the publisher. Holding these views, we cannot 
hope for a very extensive sale of the work before us. and this opinion 
l>e(!omes the stronger when wo remember the exceedingly small number — 
forty-five in all — of illustrations which it contains. Of course we must not 
expect very much accuracy in the illustrations to a work which is popular 
and from the French. The woodcuts are fair, but they convey a very 
inaccurate idea of the structure for which they are intended, and we fancy 
that M. Leveille, the artist, did not engrave them in many cases from actual 
siM^cimens. but from drawings ; in fact, the sketch of bone-.structure which is 
on one of the pages, is a purely imaginary combination of parts, and indeed the 
same may be said of the “ rods of Jacob " in the section on the eye. Still, 
on the whole, the descriptions are very good, and have been rendered into 
admirable English by the translator; so that altogether the book is an 
excellent one, especially for the artist class. We wish it success. 



* “ Wonders of the Human Body. From the French of A. Le Pileur, 
Doctor of Medicine." London ; Blackie and Son, 1871. 
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THE ANIMAL KINGDOM.* 

TTNTIL Professor Owen’s great work came out' in its three volumes, 
^ Kvmer Jones's work was the best which we had in our language upon 
the entire subject of comparative anatomy. Even still it is the most 
comprehensive book we possess on the subject of the Invertebrate sub- 
kingdoms of the animal world. Being written in a style which very few 
of our science men possess — a style which is simple and terse, yet wonder- 
fully descriptive and telling — it possesses for the general student many 
advantages, for the writer makes matters as clear and intelligible as they 
can possibly be ; it possesses, moreover, nearly six hundred admirable en- 
graWngs taken from the best writers of the time. It is therefore an ex- 
cellent work so far. But when we ask how much has it been brought up 
to the present day, we are astonished at the answer we are obliged to give. 
In no respect does it represent zoology as it now is. In hardly a single 
instance has the author taken even the faintest trouble to correct or 
modify his remarks, and though he tells us that he has done this in regard 
to the iVohcoa and Calenterata, we can see not the least evidence of his 
having gone into the matter as he should have done. The same figures, 
the same letters, which twelve or thirteen years ago conveyed the nuvt 
erroneous ideas, convey them still without the faintest alteration or emen- 
dation. This is really too bad in a work professing to be a new edition, 
and published in 1871. The book is simply tout entier the same work 
which was published we fear to say how many years ago. If Professor 
Jones wished to bring out a proper new edition of his work, we doubt not 
he could have found abundance of young, zealous, and accomplished men to 
have undertaken the task. As it is, he has brought out an old work in 
a new cover, and endeavours to lead us to believe that it represents the 
history of the animal woild as we know it in 1871. This has been a sad 
mistake, and one we fancy by which the publisher must most seriously 
suffer. 



THE PROGRESS OF MEDICINE.t 

E vidently the author of this work tries to do his best. He labours 
very extensively to bring out a Report which shall be useful. Yet he 
foils most seriously. His work is a nondescript collection of all kinds of 
matters relating to medicine, and no one part is complete. The half-yearly 
volumes which we have been accustomed to so long are infinitely and 

* “General Outline of the Organisation of the Animal Kingdom, and 
Manual of Comparative Anatomy.’’ By Thomas Rymer Jones, F.K.S., Pro- 
fessor of Comparative Auatomv in King’s College, London; late Fullerian 
Professor of Phfsioiogy to the Iloyal Institution of Great Britain. Fourth 
edition. London: Van Voorst, 1871. 

t Dr. Dobell's “ Reports on the Progress of Practical and Scientific 
Medicine in different parts of the World." Contributed by numerous and 
distinguished coadjutors. Vol. II. (from June 1800 to June 1870j. Lon- 
don: Longmans, 1871. 
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immensely before this volume. Like one who does not understand the 
nature of his task, he is led away by any great name. For instance, in the 
present volume. Professor A’illemin is allowed to take up nearly one-si.xth 
of the space with an account of French anatomy and phy.siology, while 
there is hardly a line on German work, which is about si.v times as vast, and 
much more of which ought to be in this treati.se. When we tell our readers that 
Dr. Dobell relates the progre.ss which this country has made during a whole 
year in anatomy and physiology, normal and morbid, in chemistry, and the 
whole of the practice of medicine and surgery in about 200 pages, we have 
said enough to show the intense vanity and the e.xtreme igmorance exhibited 
by such a scheme. The book has really very little value, save and except 
to the author, who, notwithstanding the advice we offered when the first 
volume appeared, seems still desirous of showing the world another one. 
Doubtless many medical men think it a really good book ; but those who are 
familiar with the real amount of work in the several departments, both at 
home and abroad, must regard it ns the moat imperfect, incomplete, and 
vain record of the labours of the profession. 



SCIENCE GOSSIP.* 

H .VRDWICKE’S “Science Gossip” has completed its si.vth volume, and 
we mu.st compliment its editor, Mr. M. C. Cooke, 5I..A., upon the result. 
Mr. Cooke has done good work, and the public appreciate his labours, as we 
are very glad to proclaim. Indeed, in this volmue it is hard to see that anything 
is negh>cted which could interest the reader. Every conceivable subject in 
general natural history is dealt with, and that too well and fully, while at 
the same time those who care for “ gossiping natural history ” will find it 
abundantly in the “ Notes and Queries,” which abound in interesting jottings 
about animals and plants. Of the many valuable and interesting papers, 
there are one or two to which we would call attention. One of them is 
called “ The Towing Net,” and is from the j)en of Major Holland. It con- 
tains a miscellaneous store of knowledge, conveyed in a style most praise- 
worthy. We do not say that it is excessively scientific, but it is, we think, 
just the species of paper for “ Science Gossip.” Another very excellent 
paper is one entitled “ Eggs of Butterflies and Moths.” Unhappily the 
author’s name is not given ; but we cannot pass it by without noticing that 
it contains a mass of information, conveyed just as such knowledge should 
be conveyed. We have looked in vain for faults; all through the journal 
strikes us as a perfect one, and one which distances competition by the mar^ 
vellous price at which it is published. 



♦ Ilardwicke’s “ Science Gossip.” An IHustrated Medium of Interchange 
and Gossip for Students and Lovers of Nature. Edited by M. C. Cooke, 
M.A. London : Ilardwicke, 1871. 
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ESSAYS ON DARWINISM.* 

M r. STEBBINO lias doue, we thiuk, wisely in reprintinpr his series of 
essays, and although some of them only relate to Darwinism indirectly, 
yet are they very fair arguments in favour of the philosophy of the great 
master ; and being moreover couched in homely language, and being short, 
they are likely to prove an introduction Darwinism in many cases. Wo 
find it impossible to go into the several chapters of which the work consists, 
but it certainly strikes us that the first, which relates to some of the 
difficulties which reasonable people have in accepting Darwinism, is par- 
ticularly good imd clear. The author, of course, does not touch any of the 
deeper arguments which underlie Mr. Darwin's theory, and which ore yet 
really undecided, which even Mr. Darwin himself cannot get over, and 
which stand in the way of the general acceptance of his views. But he 
glances at the stronger arguments in favour of the doctrine, and he argues 
clearly and truly in most winning style. Ilis book may be strongly com- 
mended to those who have not yet taken up any of Darwin's works, or 
who fail to understand them. 



SCHOOLS FOR THE PEOPLRt 

W HILE now there is so much talk upon this subject — while Professor 
Huxley, leader of the scientific world, is contesting with those 
numbers of men who delight in doing nothing save what their ancestors 
have done before them, and who abhor that which is new — the book before 
us is one to bo read by every person desirous of information on so vast a 
subject. It is a large, well-illustrated by page-plates of several schools, and 
handsomely got up volume. It deals succinctly and briefly with the several 
.'chools which it describes, and it is arranged so that the reader may if 
he choose go hurriedly through it, and pick out the black-letter headings of 
any department he may select. It treats of elementary schools in con- 
nection with the Committee of Council on Education, of schools in con- 
nection with the Science and Art Department of the Council, of schotils 
under the Admiralty, of those under the War Secretary, of those under the 
direction of the Home Department Secretary, those under the Poor-Law 
Board, those under the Commissioners of Lunacy, of schools not aided by 
public grants, and lastly, of training colleges of the flommitteo of Council. 
Under these several heads there is given a great deal of information, which 
will be invaluable to members of the new School Boanl.s, and all who have 
to deal with education under the existing changes. Mr. Bartley deserves 
the best thanks of the people for undertaking so vast a labour, and be has 

* “Essays on Darwinism.” By Thomas R. Stebbing, M..\., late 
Fellow and Tutor of Worcester College, Oxford. Loudon : Longmans, 
1871. 

t “The Schools for the People; containing the History, Development, 
and Present Working of each description of English School for the Industrial 
and I'oorer Classes.” By Oeorge C. T. Bartley, Examiner Science and .Vrt 
Deportment. London: llell & Daldy, 187 1. 
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our extreme {DrrntiBcAtion at the manner in which he has discharged an 
extremcljr dillicult taak^ His work must be read by all engaged, either 
directly ur indirectly, with education. 



THE OEXE.SIS OF SPECIES.* 

A mong the numerous opponents of Mr. Darwin’s doctrine* — and that 
they have been numerous a search through our literature for the past 
few years will demonstrate clearly — there were none worthy of considera- 
tion till Mr. Mivart appeared u]x>n the Held. And be has come with so much 
force, so much knowledge from reading, so much practical acquaintance 
with the subject of natural history, that an^Uhing which he may have to 
say will have to be heard with gravity and thoughtfulness. But apart 
from these, the author’s characteristics, the volume itself is one which, from 
the closeness of its argument, the multitude of examples it contains illus- 
trating its author's opinions, the great incompleteness of the Darwinian 
theory which it conscientiously exposes, and, abivve all, the calm, dignitied, 
and conscientious tune which prevails throughout its pages, has qualities 
that in the highest degree commend it to the general and scientific reader. 
For ourselves, we may as well say at the outset, that it has not convinced 
us of the force of the view.s which it endeavours to prove, but we must 
equally admit that we have learned much from it that our mind had failed 
to take in before, and that it has led us to admit a view of natural seleclion 
more extended, vastly, than that to which Mr. Darwin’s works give place. 
It appears to us that in admitting this extension of “natural selection,” we 
admit all that is necessary to prove in favour of .Mr. Darwin’s dictum ; but 
we confess that it is alone to Mr. .Mivart’s elforts that we have altered our 
opinion so seriously on this one point. In reference to the latter portion of Mr. 
Mivart's book and his oppo-situin to I’angenesis, we ditl'er entirely from him. 
With the theological part of the volume we totally disagree, but that may 
be disregarded in the pre.Huit place ; but we think his arguments again.st 
Pangeuesis of the very feeblest description, and we could have wished them 
excluded from so admirable a volume. The one fact that a particle which 
can be merely seen by our eyes, may be practically as large as the w-hole 
world, and is infinite in division, is of itself sufficient in support of the 
principle which Mr. Darwin holds, while in almost every other point the 
dixttrine of I’angcnesis serves to explain phenomena, and without it, it 
appears to us, we are without any reasonable explanation of a whole host 
of natural facts. 

We CMJinot, of course, in our short .space do anything like jmstice to so 
admirable a book, for we can in no case give a statement of the author's 
many and closely-reasoned arguments. But wo may briefly state what he 
attempts to prove in the course of the closely-reasoned pages of which his 
work consists. The following is a brief summary of his case : “ That 



• “ On the Genesis of Species.” By ,St. George Mivart, F.R.S. London : 
Macmillan, 1871. 
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natural selection is incompetent to account for the incipient stages of useful 
structures. That it does not harmonise with the co-existence of closely 
similar structures of diverse origin. That there are yrounds for thinking that 
tpecific difference!! may be developed suddenly instead if gradually. That the 
opinion that species have definite though very dill'erent limits to their 
vsiriability is still tenable. That certain fossil transitional forms are absent 
which might have been expected to be present. That some, facts of geo- 
graphical distribution supplement other difficulties. That the objections 
drawn from the physiological difl'erence between “ species ” and “ races ” still 
exists unrefuted. That there are many remarkable phenomena in organic 
forms upon which natural selection throws no light whatever, hut the ex- 
plauation of which, if they could be atbiined, might throw light upon specific 
origination. 

It is, as we have said, out of the question our endeavouring to give place to 
quotations from the volume ; our space does not permit it. We may observe, 
however, that Mr. Mivart, as we have already stated, proves, we think, decidedly 
that specific difi'erences may be developed suddenly, ami in many, if not ail, 
cases ore so developed. Admitting this, we can go no further. He has 
rai.sed difficulties ; he has produced numberless cases which are against the 
doctrine laid down by Mr. Darwin, but he has not given any in support of 
Mr. Darwin’s views, and these we know to he infinite in number. He quotes 
Sir W. Thomson in support of the earth's age, but many persons are oppo.sed 
to these views, which are at the best extremely hypothetical. Taking 
a difficult line of argument — and there are none more so than Mr. Darwin’s 
— he asks why the geological record is not more popular j forgetting, as it 
seems to us, that the geologic facts must always be of the most rudimentary 
character, seeing that whole rock-formations may have been formed and 
washed away again, and indeed have been so. Mr. Mivart is, it seems to 
us, a little too much in favour of his own theory, and has not given Mr. 
Darwin’s any of the immense arguments in its favour. This, however, has 
been done unwittingly, for all through the volume there is the best of good 
feeling shown. Indeed, it is the only book we have ever seen where a 
purely controversial question is treated so fully and so fairly, aud our best 
thanks are due to the author on this account. We cannot admit all that 
he desires to prove, but it appears to us that the book is worthy of a high 
rank from its having proved one point, aud that a most important one. It 
is a volume which deserves to be read by every natundist, and one which 
will continue to live long after its author has ceased to exist. 



The Student's Guide to the I^actice of Measuring and Valuing Arti/icers' 
Tf'orks, by E. W. Tam, M.A., Architect. New edition. London : I.ock- 
wood, 1871. — This is a valuable work for all who desire a standard guide 
to the methods employed by surveyors in their measurement of builders’ 
works. The several rules and plans it contains appear good and clear. 
Extending over more than 300 pages, it necessarily deals largely with the 
subject, and is so copiously illustrated that we think the student need have 
little difficulty in mastering it. We wish our space would permit us a 
longer notice, for the book really deserves it. 
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Mrtattngrnphii an a SrpantU Scienrf, S(C., by T. .Mil'll Blyth, M.A., Ph.D. 
lyiniion : lAinfrinanx, 1S71. — Dr. lilytb seems as fond of poetry as of 
metal lojrraphy, and uses it laiyely in the book. We do not see the force 
of his arguments in favour of making this a separate science from chemistiy, 
nor do we see anything new that is valuable in his pages. The book contains 
some facts not stated in most chemical works, but they are very few. We 
do not approve of the volume tout nitier. 

Atehlry' > f’lcij Eiiijhitrrii and ContraHort' FMimate and Price-book for 
Home or Fureii/n Seriiee, by W. 1). llnskoll, C.E. Ixmdon : Lockwtiod, 
IcTl. — This book will be found useful by all who are engaged in building, 
&c. It contains, arranged in tables, the costs of every conceivable work 
connected with building, fencing, draining, road-making, &c. It seems a 
good book. 

On tfie Aymara Indian* of Bolivia and Pent, by David Forbes, F.R.S., 
F.G.S., &c. London ; Taylor & Francis. — Mr. Forbes has here reprinted for 
private circulation his admirable essay, read before the Ethnological Society 
in June last. It contains 100 pages, six page-plates, most admirably 
executed, and a long list — a sort of dictionary — of the words in the language 
of the people. The book is mo.st interesting, but it is especially valuable 
because of the measurements of bones of tliis peculiar people which it contains, 
and which we believe have been considered very valuable by Mr. Darwin. 

The Flrment* of Alyebra and Triyonometry, by W. M. Griffin, B.D. 
lamdon : Ixingman.s, 1H71. — This is the latest of Mesi'rs. Longmans' ad- 
mirable series of scientiKc works. It seems to be a well-arranged manual, 
containing abundant examples, and leading the student on fairly. It is, of 
course, inteuded for artisans and others, but wo fear for few of the former. 

Aunt Itache!'* Letter* about Water and Air. London: Longmans, 1871. — 
Ls a sini|ile plain account of the leading phenomena in the branches of 
natural philosophy taken up. We can recommend it for young boys and 
girls. 

The .iboriyinal Tribes of the Nilyiri Hills, by Lieut.-Col. W. Ross King, 
F.R.G.S. London: Longmans, 1871. — These singular people are very well 
described in a paper read by Col. King before the .Anthropological Society, 
and reprinted here. The paper is a most interesting one, and wiU repay 
perusal. 

The Modes of Fying and the means of obiiating the tendenq/ to Death, by 
W. F. Cleveland, M.D. London: Churchill, 1871. — This is Dr. Cleveland's 
annual address to the Harweian Society. Without containing anything 
absolutely now, it is a forcible address and contains some very curious 
ca.ses. We think the author is to be thanked for pointing out methods not 
new, but too unknown, for prolonging and saving life. 

Manual of the Science of Colour, by William Benson, Architect London : 
Chapman and IlaU, 1871. — This is really a book which should be in the 
hands of every artist, and of all who have to do with colour. It is to our 
minds the only accurate view which has been put forward. We have passed 
this opinion before, and we hope that the book will be appreciated. 
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Odd SAotcrri, or an Rrjilanation of the Rain, tf-c., by Cairibber. I.ondon ; 
Korby & Son, 1870.— A little book which tells of the followinjr showere : 
insects, fishes, soot, sand, and ashes ; sleet, rain, snow and meteorites. It is a 
useful and very small work. 

The Tear Book of Facte in Science and Art, by John Timbs. London : 
Lockwood, 1871. — This little book contains about the usual number 
of mistakes and errors. It opens with a fair engraving of Professor 
1 1 uxley. 

Eceryhody'e Year Book for 1871 is Me.ssrs. Wyman’s si.vpenny annual. 
It is a wonderful book, containing a little of almost everything and very well 
arranged. 

We have also received The Ti/phoid Fever in Ittington traced to the Use of 
Impure Milk, by Edward Ballard, M.D. London : Churchill, 1871. The 
Aftral Hebrew Alphabet, Isindon : Mackintosh, 1871. The Correlation of 
Zymotic Dieeaeee, by A. WnlfT. F.R.C.S. London : J. A. Churchill, 187i. 
Fetters OH Phcci/mfion, by William Woodward, M.l). Worcester: Deighton 
and Son, 1871 ; and also a series of Reports of Patents and Abstracts of 
Patents relating to the Preservation of Food, by W. W. Archer, Registrar- 
General of Mctoria, from Melbourne, Australia. 

T7ie Descent of Man, and Selection in Relation to Sex. — By Charles 
Darwin, M..\., F.R.S. 2 vols. London: John Murray, 1871. — We regret 
that this volume came into our hands too late for a notice in this number. 
It is a work of great importance, and one which could not be hastily 
reviewed. We notice its arrival, however, for the benefit of our readers, 
and in acknowledgment of the book from the publisher. 
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ASTRONOMY. 

rpiIE Total Solar Ellipse of December 22. — At length the question of the 
corona — at least that great general question which had for the last few 
months been so earnestly discussed — is disposed of. It seemed, indeed, when 
the first intelligence came &om the eclipse parties as though it would still 
reiniiin a moot point whether the corona is in large part a terrestrial pheno- 
menon, ns Mr. Lockyer has urged, or whether not only the inner and brighter 
portion, hut the outer radiated and fainter parts, belong to a true solar 
appendage. l’'roin Oran we heard of complete failure — a failure the more 
di>appointing because so many of our most eminent men of science, as well 
as Jim.ssen, the Freucli spectroscopist, had betaken themselves thitlier. From 
Spain came news of the confirmation of the American observations of IStitt, 
and, vaguely, of successful photographic operations — but nothing which 
promised to decide the questions at issue. From Syracuse we heard but of 
“ suhsttmtial ’’ results, which a long e.vperieuce has taught us to reganl as 
meaning — all but total failure. No one would have supposed, to judge from the 
meagre telegrams which alone reached us from Syracuse, that a brilliant suc- 
cess had rewarded the section under Mr. Brothers’ charge. So rapidly had 
telegraphic news come to us when nothing important had to be told, that 
everyone was prepared to hear of the complete failure of those photographic 
operations from which so much had been expected. In fact, letters frem 
Mr. Brothers himself first announced a success, which, in reality, is the dis- 
tinguishing feature of the eclipse operations. 

Comparing the accounts first received, there seemed, as we have said, no 
promise of a decision. At the meeting of the Royal Astronomical Society 
on January 13, Lord Lindsay’s photographs were exhibited, and they seemed 
unsuited to decide the questions at issue. The accounts of Lieut. Brown, 
Mr. Hudson, M.A. (Fellow of St. John’s College, Cambridge), and of others, 
were rend, and only one matter referred to seemed to suggest the possibility 
that a decisive answer might be given to those questions. It was mentioned 
that at three stations, separated hy spaces of about six miles, observers had 
notii-ed, opposite the south-eastern quadrant of the moon, a well-marked 
V-shaped gap. This was pictured in a fine drawing by Lieut. Brown, who 
mentioned that underneath the gap — that is, between the apex of the V and 
the corona — the bright inner portion of the corona was shallower than else- 
where — a most important observation if confirmed (as we shall presently see 
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that it was). But as yet we had no proof that Lieut. Brown’s drawing, 
excellent as it was in itself, was more trustworthy in a scientific sen.se than 
those many wild pictures of total eclipses which Lave caused ere now so 
much perplexity. 

Pre.sently came a paper from Mr. Lockyer (who had unfortunately not 
been favoured with a view of the eclipse), summing up the evidence which 
had reached him — seemingly in a very imperfect form. His conclusion 
was that the inner and brighter part of the corona certainly belongs to the 
sun, the outer fainter and radiated portion being, he judged, as certainly 
atmospheric. He founded this opinion on the dirterence which could be 
di.scemed between the various pictures of the coronal radiations. 

But the end was not yet. A photograph taken by Mr. Willard (an Ame- 
rican observer), in Spain, had been found to show the great V-shaped gap 
which has been already referred to as seen by observing parties at widelv- 
Boparated Spanish stations ; and by about this time the tardy news of Mr. 
Jtrothers’ success had reached his friends in England, who hastened to 
announce it as publicly as possible. He had taken six photographs, and in 
the fifth “ the corona is seen,” he wrote, “as it was never shown on glass 
before.” Would the V-shaped gap be there ? This was the thought which 
occurred to all who understood the position of the vexafn qvettio. At length 
copies of his negative were sent to astronomers ; and there the great gap 
was seen — unmistakably the most remarkable feature of the picture. Two 
other rifts, fainter and not reselling so far towards the sun's limb, were well 
shown : and on a reference to the Amerioan photograph it was found that 
there also, though less clearly, the place of these rifts could be discerned. 
In Lieut. Brown's picture, and in a picture taken by Professor Watson in 
Sicily, the corresponding depressions of the inner and brighter part of the 
corona were clearly indicated in corresponding situations. When it is added 
that in Mr. Brothers’ photograph the radiations extend on one side to more 
than half a degree from the place of the eclipsed sun, and on the other nearly 
a degree, the decisive character of the evidence this noble picture has given 
will be immediately recognised. 

It would seem, however, that an imperfect drawing of this photograph 
had been sent to Mr. Ixickyer, who found the place of the great gap — as 
determined by two prominence.s — not strictly coincident with the place it 
occtipies in the American photograph. Comparing this imperfect drawing 
with the photograph, in company with the .American professors (Young and 
Winlock), became to the conclusion (from which they did not wholly at that 
time dissent) that the gaps photographed by Mr. Willard and Mr. Brothers 
were different phenomena. Accordingly, in a second paper on the eclipse, 
he renewed the statement that the outer part of the corona is terrestrial. 

But already photographic copies of the two negatives ha<l been made to a 
common scale. Only a day or so afterwards, Professor Winlock examined 
such copies in company with Dr. Huggins, and expressed the opinion that 
the two great gaps are certainly the same in the American photograph and 
Mr. Brothers’ — the two fainter ones probably so, but too faint for certainty. 
Sir John Herschel received similar copies, and in a letter road by Mr. 
Brothers at the meeting of the Iloyal Astronomical Society on March 10^ 
the veteran astronomer expressed his conviction that the coincidence of so 
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well-marked a feature dieposed finallr of the terrestrial theory. Dr. Balfour 
Stewart, in a letter read at the same meetinjr, pointed to the decisive nature 
of the evidence afforded by the darkness of the moon in Mr. Brothers' phi>- 
tojfraph, mentioniii)f, also (ns Mr. Proctor had already done in a paper read 
a year before *), that t>n d priori grounds the atmospheric explariation of 
the radiations wa.s untenable, since tbe proportion which atmospheric glare 
due to the inner corona would bear to the corona itself would be tbe same, 
or nearly so, as the proj)ortion which the atmospheric glare in full sunlight 
l>ears to that sunlight — i.e. would be exceedingly small. In fact, at this 
meeting of the Koyal Astronomical Society one piece of evidence after 
another was brought to bear against the unfortunate “ atmospheric glare ” 
theory, in whose favour not one of those present seemed ready to venture a 
word. 

The EeAnJlA of the F.clipre Erjieditiont . — Freed thus from the incubus of 
an erroneous theory which had too long been suffered to attract attention, 
let us consider the real results of the late expeditiona One can hardly 
speak of the proof that the corona has a real existence, and is a real solar 
appendagi', as a result of the late expeditions, because it had, in effect, been 
demonstrated much earlier; though undoubtedly the acquisition of evidence 
easily interpretable and generally convincing must be regarded as a gain. 
But the student of science has a right to inquire what fresh knowledge has 
been acquired. It appears to us that by far the most important result of the 
expeditions is to l>e found in the evidence which the photographs give as to 
the structure of the corona. We have seen that Lieut. Brown had noticed 
that the inner and brighter part of the corona is much shallower where the 
great gap appears, and that Professor Watson’s drawings confirm this. But 
the evidence of the .Vnierican photographs and Mr. Brothers's is deci.sive on 
the point. The correspondence between the outer radiations and the inner 
brighter portion of tbe corona is unmistakable. This is a phenomenon 
worthy of the most careful study. It can only be explained — nobit Judici- 
hm — ns due to the action of solar forces exerted radially ; but whether 
those forces be eruptive, or simply repulsive, is not so clear. The action of 
eruptive forces suHicing to account for the observed extension of the corona 
may seem at first to involve an incredible degree of activity beneath the 
solar photosphere ; but when it is mentioned that a velocity only three times 
as great as that with which the hydrogen of the prominences is observed to 
be flung out (after passing through the denser lower regions of the solar 
air) would sullice to project matter as far as our own earth, while a very 



* He thus wrote (“ Monthly Notices” for March 1870) : ” We know how 
small a relation ordinary atmospheric glare bears to direct sunlight, and the 
glare due to the prominences and chromosphere ” (an objectionable word — 
he should have written sierra) “ would bear a similar relation to the direct 
light from those sources.” He added that the light from this source “ would 
extend over the moon’s disc, since it would illuminate the air between tbe 
observer and the moon's body.” The fact that such light was recognised by 
the spectroscopists during the late eclipse — the bright line coronal spectrum 
being actually discernible when the spectroscope was directed to the middle 
of the moon’s disc, shows how, by careful reasoning, the results of observa- 
tion may be anticipated. 
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small relative increase of velocity could carry matter away from the sun 
vever to return, this objection will not appear decisive. We might thus, also 
(by e.xteuding similar considerations to the stars), find an explanation of 
those facts on the strength of which Mr. Stanislas Meunicr has adopted the 
belief that meteorites are n«tral in origin, as well as those yet more remark- 
able facts revealed by Mr. Sorby’s microscopic, and the late Professor Gra- 
ham’s chemical, analysis of these bodies. The great velocity of some meteors, 
or (which is the same thing) the hyperbolic figure of the paths on which they 
approach the sun — a phenomenon hitherto deemed inexplicable — would be 
accounted for also in this manner. But whatever theory we adopt to in- 
terpret the matter, it remains as a demonstrated fact that the corona indi- 
cates the action of radial solar forces. 

Amongst other results of the eclipse expeditions must be mentioned the 
important observation made by Professor Young and Mr. Pye, of the reversal 
of all the Fraunhofer lines close by the sun’s limb at the instant of totality 
and for a few seconds after. This proves that there is close by and outside 
the visible photosphere a dense and highly complex atmosphere. We may 
say, in fact, that Profe.ssor Young and Mr. Pye have determined the birth- 
place ot the Fraiinhofer lines. Mr. Ixrckyer, indeed, has expressed doubts 
whether Professor Young and Mr. Pye could have seen the Fraunhofer lines 
thus reversed ; because he considers that the method by which the linib of 
the uneclipsed sun is spectroscopically observed ought uniformly to show the 
reversal, whereas he has observed it but once and Professor Young never. 
He has omitted to consider, however, that in one important — or, rather, essen- 
tial — respect, an observation made at the moment of totality, when the solar 
and lunar litubs touch, must have an enormous advantage over one made by 
the Janssen method. The effects of irradiation, and of the sensible dimensions 
of the optical image of each point of the solar photosphere, would in the latter 
case more than suffice to obliterate all traces of the complex atmosphere, 
even though that atmosphere were a hundred miles or so deep (as was 
pointed out in Mr. Proctor’s papers in the last number but one of this 
magazine *). But when the limb is viewed as by Young and Pye both 
these eflects are completely got rid of. It may be added that Father Secchi’s 
observation of a continuous spectrum at the very limb of the uneclipsed sun 
is confirmed, as Professor Young points out, by the reversal of the hraiin- 
hofer lines seen by the latter and Mr. Pye. 

Great doubt rests on the polariscopic observations, insomuch that while 
some are assured that the light of the corona was radially polarized, others 
are equally positive that it was either polarized in the same plane as the at- 
mospheric light, or not at all. The spectroscopic observations prove that the 
light of the corona may be divided into two chief portions — one giving a 
faint continuous spectrum (probably this is the largest portion of the corona’s 



• We are requested to state that in the last line but one of p. 40 in our 
last number, Mr. Proctor has, by mistake, written “ the honorary secretary ” 
for “ the assistant honorary secretary, Mr. A. G. Ranyard.” It was due to the 
courteous letters of this gentleman that some who took part in the expedi- 
tions were prevented from withdrawing on the score of rather abrupt treat- 
ment. 
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light, nofwithsfaniling its faintneiw when dispersed), the other giving a apco- 
trnm of briirht lines, of which far the brightest is either the line “ 1474 ” 
of Kirchhoff’a scale, or very close indeed to it. This line is seen in the 
spectrum'of iron, and appears in the spectrum of the aurora. I’rofessor 
Young had long since mentioned reasons for believing that it belongs to a 
new element, and this view has lately been adopted by Mr. IsJckyer. 

On the strength of observations niaile during the eclipse h'ather Secchi 
expresses the assurance that the chromosphere is not a solar atmosphere, 
but made up of many relatively minute prominences. 

•Sim-Spot Ohurrraftonii at A'cir. — The following summary of sun-spot 
observations made at Kew has been communicated to the Royal Astrono- 



Society by Messrs. De la Rue, 

Months. 


Stewart, and Loewy. 

■ I)a.rs 

Day* of urilhout 

observation. spi>LA. 


Number of 

new 

^up*. 


January 








. 11 


0 


17 


February 








. 12 


0 


20 


March . 








. 14 


0 


31 


April . 








. 29 


0 


31 


May 








. 2.5 


0 


40 


June 








. 19 


0 


.39 


J uly 








. 18 


0 


.3(5 


August 








. 25 


0 


44 


September 








. 21 


0 


.31 


October 








. 18 


0 


.39 


November 








. 17 


0 


22 


December 








. 11 


0 


.37 


Total 








. 213 


0 


40.3 



They remarked that the year 1870 “ was characterised by an exuberance of 
solar eneipry which is without parallel since the beginning of systematic 
observations (i.e. since 182.5). The number of observed groups far exceeds 
that in anv previous year; and it appears also from a cursory comparison 
with the maximum years' observations, as recorded by llofrath .Schwabe, 
that the magnitude of the di Herein groups, os well as the average amount of 
spotted surface during any period of the year, is unprecedented.” As the 
latter half of the year allows an increase of no less than thirty-five groups 
over the first half it .seems likely that the maximum has not yet been passed, 
even if it lias been reached. “ A very remarkable feature of the groups 
observed during the year," adds the report, “api>enra to be their remarkable 

lifetime There can lie no doubt, from the observations, that an ex- 

ceedincly large number of groups completed three, four, and even more 
revolutions before finally collapsing. Whether this peculiarity in the be- 
haviour of groups belongs to all maximum years — whether the groups in 
minimum years are, on the whole, of a more ephemeral e.xistence — and, fur- 
ther, in what manner the duration of any single group is connected with or 
dependent on its magnitude and the law of periodicity, are questions very 
forcibly suggested by the observations of the past year." 

Kates on the Fluor of Plato. — Mr. Birt continues his collection of obser- 
vations on the door of Plato. lie considers it not impossible that the 
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results mar be explained as due to a present lunar activity ; but he adds, 
very prudently, “ that it is desirable observations should be multiplied, espe- 
cially as there are strong objections to such a view, though the idea has 
been mooted during the last eighty years.” 

SupjMted Kevo Variable in Orion. — Mr. Webb calls attention to a red star 
in Orion which he considers to be also (like many other red stars, by the 
way) a variable star. He says : “ I have at pre.sent no means of giving its 
place with due accuracy, but it is easily found about 6m. 18s. in time west 
of 42 Orionis, and nearly on the parallel of a minute open pair, about 11 
magnitude, O' or Ky north of that star. 

Periodical Changee in the Phgtical Condition of Jupiter. — Mr. A. C. Ran- 
yard notes evidence in favour of Mr. Browning’s view that the recent changes 
in the appearance of Jupiter may be associated with those solar disturbances 
which have recently been so remarkable. “ A similar increase of colour and 
bright egg-shaped markings ” in the great equatorial belt, “ were observed,” 
he remarks, “in the years 1858, IS-W, and 1860. Mr. Huggins, Mr. .-Mry, 
and Sir W. K. Murray all noticed and 6gured them, their drawings, in 
many respects, corresponding with those made in the course of last season.” 
In 1860 the sun showed many spots. In 1850, when the sun was also much 
spotted, Jupiter was similarly disturbed. Mr. Ranyard also quotes earlier 
instances. He notices " a moat interesting remark of Cassini's,” which 
relates, however, to a well-known peculiarity of Jupiter's spots. Cassini 
“ observed that the bright markings upon Jupiter had a proper motion of 
their own, and that that motion was greater the nearer the spots were 
situated to Jupiter’s equator.” This has been often noticed since ; but 
p-’rbsps the most remarkable known instance of this excess of motion 
near the equator is the case of the dark rift seen across a bright belt for 
six weeks in succession in the spring of 1860. The equatorial or southern 
end of this rift travelled away from the northern end at the rate of about 
190 miles per hourl This rapid proper motion of one end of a vast rift 
in a cloud-belt — to say nothing of the persistence of the rift for at least 
100 rotations of the planet (that is, by day and by night for 100 Jovian 
days) — surely disposes effectually of the theory that the cloud-belts of Jupiter 
are raised by solar action resembling that to which our own cloud-regions 
are due. Mr. Ranyard closes his paper with the remark that “if a future 
more complete examination of the observations of Jupiter should confirm 
the suspicion that the sun and Jupiter have the same period of maximum 
disturbance, it would appear to show that the alternations on Jupiter are 
dependent upon some cosmical change, and not on any effect of tides, as 
suggested by Dr. Wolf in the case of the sun." Is it altogether so clear, 
however, that the imagined action of Jupiter in raising solar tides could 
not synchronise with a solar action raising tides in the deep Jovian atmo*. 
sphere P We say this not as advocating the tide theory, but to show that 
the mere coincidence of solar and Jovian disturbances in point of time 
does not necessarily prove that the disturbing cause is cosmical as distin- 
guished from some form of action exerted by these two bodies upon each 
other. 

Common Proper Motion of the Stare .30 (A) Ophiuchi mid .30 Scorpii . — 
Mr. Lynn has recalculated the remarkable proper motion common to both 
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these stars, which lie about 12J minutes of arc from each other. He finds 
that the annual proper motion of each star deducible from the Greenwich 
observations is : — 



A' Ophiuchi 
A* Ophiuchi 
30 Scorpii . 



In R. A. In N. P. D. 

-0*-029 . +l"-20 

-0-043 . +1 -a5 

-0-042 . +1-17 



No doubt can remain that we have here a drifting system. 

1‘roper Motion of Oettsen't Argelander 17,416-6. — Mr. Lynn estimates for 
the proper motion of this ninth magnitude star 
inR. A. -0* 07 
inN. P. D. +l"-20 



Memoir hy Ilanem on the Tramit of Venue. — Ur. Hansen deals chiefly in 
this paper with the possibility of obtaining the solar parallax by simple 
measurements of the distance of Venus from the sun’s centre at the moment 
of greatest phase. In the last of three appendices he exhibits formulte “ for 
the application of photographic observations to determine the parallax. The 
fonnulfe require (besides the distance of the centres of the sun and V’enus) 
the determination of the position-angles of Venus at the two stations respec- 
tively. It is suggested that there should be at the focus of the instrument 
a wire in the plane of the declination circle to be represented in the photo- 
graph, and thus to serve as a ground-line for the measurement of the position- 
angle ; ’’ but Dr. Hansen is unable to judge of the degree of accuracy with 
which the position-angle can he thus determined. The difficulty disappears 
when observations are made upon the plan proposed by Mr. Proctor, for by 
his method only estimates of distance between the centres of Venus and the 
sun would have to be considered. 

Nautical Almanac for 1874, and the Transit of Venus. — In the recently 
issued “Nautical Almanac for 1874” the phenomena of the transit of 1874 
are calculated for nearly all the suitable observing stations. Probably the 
tables dealing with these phenomena will be regarded as disposing finally 
of any doubts which may have been entertained respecting the accuracy of 
Mr. Proctor’s statements where these diflered from the statements of the 
,\stronomer Royal. For example, it was somewhat confidently stated that at 
Nertchinsk — which Mr. Proctor proposed as a suitable northern station for 
applying Halley's method — the sun would not have hoth at ingress and de- 
gress of Venus anything like the elevation of 10° which had heen pronounced 
necessary for eflective observation ; whereas Mr. Proctor asserted that at 
both internal contacts the sun would have a sufficient elevation. The 
“ Nautical Almanac ” gives for internal contact at ingress a solar elevation of 
12°, and for internal contact at egress a solar elevation of 10°. In fact, so far 
ns the “ Nautical Almanac ” tables extend, they confirm everv- one of Mr. 
Proctor’s statements in all es.sential points — ditfering only as to small details 
depending on the selection of the value of Venus’s semi-diameter and the 
sun’s. 

Planets for the Qiuirter. — Jupiter's distance is gradually increasing, but 
he continues to be an evening star, and not unfavourably situated for obser- 
vation during the earlier part of the quarter. Saturn will be in opposition 



Digitized by Coogle 




SCIENTIFIC SUHMART. 



199 



on June 28, but •will be too low for favourable observation. Mars is tlie 
planet of the quarter. He was in opposition on March 10, and will continue 
for several weeks favourably placed, both as respects distance and altitude. 
His northern heniLsphere is uow considerably bowed towards us and towards 
the sun ; and as this hemisphere has been less completely studied than the 
southern, observers who have good telescopes would be doing good service 
in studying the planet. Although the oppositions which occur when Mors 
is, as now, near his aphelion, are less favourable as respects distance, the 
planet is more favourably situated as respects altitude. Venus is coming 
round into a better position for observation, and towards the end of the 
quarter will be nearly at her brightest. It is satisfactory to know that as- 
tronomers propose to study her with special care during the approaching 
months ; so that perhaps some of the perplexing questions which have been 
suggested by her spots, rotation period, inclination, &c. may be satisfactorily 
dealt with. 



BOTANY AND VEGETABLE PHYSIOLOGY. 

' Experiments on the In/luenee of Manures on Plants. — Some very important 
experiments in this most interesting direction have been carried out by Dr. 
Masters, F.R.S.,and Dr. Gilbert, F.K.S., and reported upon to the Horticul- 
tural Society, which caused them to be undertaken. The experiments were, 
as might be imagined, partly failures, for it is natural that mistakes should be 
made at the first ; but they are of special interest nevertheless, and wo have 
no doubt that from the next ones we shall have much valuable matter 
to learn. One of the tables furnished by the reporters shows us that the 
e/rasses removed from 0’5 to P23 oz., or an average of about 0-8 oz., of 
mineral matter from the unmanured soil ; whilst under the same conditions 
the Leguminosa removed from under 1 to over 2 oz. ; the AchiUea .'ll, and 
the Plantago nearly ozs. Some idea of the richness of the soil in avail- 
able mineral matter which these amounts indicate will be acquired when it 
is stated that 1 oz. of mineral matter removed from one of the boxes by one 
of the grasses would correspond to ns much per acre ns would be contained 
in about 5 tons of meadow hay, 1 oz. in one of the clovers to as much per 
acre as would be removed in about 4 tons of clover hay, and 3 to 3^ ozs., as 
in the cases of the AchiUea ntid Plantago, to a ton or more of mineral matter 
per acre. Of phosphoric acid, the grasses would, on the average, tlius remove 
from the unmanured soil about one-seventh as much as was supplied where 
the heavy mineral manure was emploj-ed ; and of jMtass from one-fourth 
to one-third as much as the mineral manure supplied. Of phosphoric acid, 
the clovers would remove considerably more than, and of potass about as 
much as, the average of the grasses. Of both constituents the Lotus would 
remove more still, and the AchiUea and Plantago probably very much more. 
With nitrogenous, but without mineral manure, the amounts removed were, 
ns a rule, with all the plants much greater than — in fact, in some cases once 
and a half ns much as — without manure. With regard to mineral constitunits, 
therefore, it may be concluded that the unmanured soils were so far drawn 
upon by the first year's growth ns to widen considerably the difference 
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between the unniRmireil und manured conditions ; and hence the series of 
soils would be better fitted for the purposes of further experiment 

Amencan KrperimetUt on the Com/tass PUmt, — Mr. Thomas Meehan has 
laid a series of remarks before the Academy of Sciences of Philadelphia 
(October) upon the C'ompass plant, which clear up the question as to its 
point in)f to the north or not, which many people deny. When 6rst he saw 
the SUphium, to any great extent, in its natural localities, there was not the 
slightest indication of this northern tendency. It was a great surprise, as a 
limited knowledge of it before had taught the reverse. He determined to 
watch a plant carefully on his own grounds the next year. The result was 
just as described by President Hill, and related in our last number of 
“ Popular Science lleview.” There was the unmistakable northern tendency 
in the leaves when they first came up. and until they were large and heavy, 
when winds and rains bore them in different directions, and they evidently 
had not the power of regaininir the points lost. Tliis often took place by 
their own weight alone, especially in luxuriant specimens. Mr. Hill says it 
was in June when he saw them on the prairies, all bearing north ; when 
Mr. Meehan saw them, and not doing so, it was early in September, and 
then no doubt the mechanical causes he has referred to had been in opera- 
tion. The plant he has had in his garden now for some years affords much 
interest in many respects. He learned a useful lesson from it this year, in 
reference to the relative rates of growth in the different parts of the inflo- 
rescence. Noticing that there appeared to be no growth in the disc florets 
in the day, he determined to note accurately one morning during the last 
week in .\ugust exactly when growth did commence. Tlie ray flowers 
close over the disc during night, and at 4 a.x., with day just dawning in 
the east, he found the ray petals just commencing to open back. In the 
di.se there are about fifteen coils of florets in the spiral. 

7V/C I'tnnU of Weft Netofoundland . — A recent number of the “ Canadian 
Naturalist ’’ contains an able paper on the above, by Dr. John Bell. Its 
lenL'th and the discursive habit of the author prevent us giving an abstract 
of it. 

The Herbaria of Limtf and Michattx . — Professor D. C. Eaton, M..4., of 
Yale College, U.S., the eminent American pteridologist, when in Europe on 
a visit in 1866, examined many of the standard herbaria, and made note.s on 
the American plants contained in them. He has most liberally placed a 
series of these notes on the North-.\merican Filices in Mr. D. A. Watt’s 
hands for perusal, has allowed him to take copies of them, and to print such 
selections from them as he might deem of sufficient interest : those relating 
to the collections of Linntl, now in London, and of Michaux, in Paris, are 
given. The herbarium name of each plant is placed within quotation 
marks, as are also such notes (of habitat, &c.) as were deemed of sufficient 
interest to be copieil from the sheets to which the respective specimens 
were attached. Mr. Eaton's observations follow. He has not printed these 
rn-hatim, as, not being intended for publication, they were, more or leas, 
made up of indications and signs which he has attempted to write out with 
exactness. One or two observations of his own are placed within brackets, 
and bear his initial. For convenience of reference he has arranged the 
species in the order of their occurrence in the species Plantarum, and in 
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the Flora Borcali-Americana. The notes of Mr. Watt’s are of especial 
interest, but are too long for insertion here. 

To thote inttretted in the La/mrutriaceee. — It has been recently stated by 
Dr. I>awson that Dr. A. F. Le Jolis, of Cherbourg, France, is engaged in a 
monograph of the whole group of the Laminariacea, that for such a study 
materials are never too numerous, and that he would be happy to receive 
a ftcsh supply of specimens from North America. He asks Dr. Lawson’s 
help, and that he would int .-rest his friends in his favour. It is not neces- 
sary that the specimens be prepared for the herbarium. On the contrary, 
he had rather they were coarsely dried, without being washed in fresh 
water or compressed. The parcels may be addressed to him, and sent by 
any vessel to France. 

The Vitality of I — Mr. H. J. Slack, in his recent interesting and in- 

structive address to the Royal Microscopical Society, stated that M. Melsens 
made experiments last year on tlie vitality of beer-yeast. He found fer- 
mentation possible in the midst of melting ice, a temperature at which the 
yeast would not germinate. The life of the yeast-plant was not destroyed 
by the most intense cold that could be produced, about 100° C. below zero. 
In close vessels when the products of fermentation gave a pressure of about 
twenty-live atmospheres the process stopped, and the plant was killed. 
M. Boussingault, who was present when this communication was made to 
the French Academy, accepted the statement, on account of the known 
ability of M. Melsens, but he detailed experiments to show that other fer- 
ments had their activity destroyed by exposure to temperatures much less 
severe, or even by ordinary frost. 

7)r. Gray, of Atnerica, and Professor S. B. Buckley have had some con- 
siderable disputation before the Philadelphia Academy (see “ Proceedings,” 
December 1870j on the supposed new plants from Texas. Dr. Gray has 
differed from Professor Buckley materially ; consequently the latter has come 
forward to justify himself. It seems to us, from a cursory glance at his 
paper, that in some of his assertions Professor Buckley is correct, but that 
in by far the greater number undoubtedly Dr. Gray has at present the 
advantage. Professor Buckley states, what we must deplore very much, 
that at the time of the American war “ a large collection of rare plants ” 
which he hod made during 1859, ’00, and ’61, in Georgia, Alabama, Missis- 
sippi, Louisiana, and Texas, which he had boxed and started with for the 
North prior to the war, were stopped and destroyed at Lavaca, Texas. 
They were intended for, and directed to, the Academy of Natural Sciences 
of Philadelphia. 

A “ kind ” of Diatoms in the Sea. — Mr. E. Bicknell, of the Museum of 
Comparative Zoology at Cambridge, Mass., exhibited to the American 
Association at their late meeting some diatoms recently thrown up by the 
sea at Marblehead, Mass. The deposit first found belonged to brackish 
water, ns indicated by the nature of the diatoms and the presence of fruit 
of the Characeer. The second deposit occurred about a mile from the first, 
and was purely of fresh-water origin ; consisting of peat with fresh-water 
diatoms — Pinnularia, Stmtroneis, Xacirula rhombotdes, N. serians, &c. 
These deposits were thrown up by a severe storm on March 31 last, and are 
believed to be the first fresh-water or brackish deposits known to exist 
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under the present ocean. They seem to be conclusive proof of the recent 
encroachments of the ocean upon the shore-line in that vicinity. 

An Abnormal Potato, one yrovring from the centre of another, was some 
time since presented to the I’hiladelphian .Vesdemy and was reported on by 
Mr. T. Meehan. It had been banded to him by the curators, and on dissec- 
tion, though no exact place of origin could be traced, there seemed nothing 
to indicate any other theory of origin than that one potato had really 
grown out of the centre of the other. But there were serious physiological 
reasons in the way of such a theory. A potato tuber is really but a 
thickened axis, in which tlie greater part of the interior structure would be 
incapable of developing a bud which would produce a tuber such as this 
one had done. The origin of a new tuber from an old one would be nearer 
tbe old one's surface. He had been looking for some further explanatorj' 
facts, and believed he had tliem then, in the potato tuliers he handed to the 
members. They were about the site of lien eggs, and were pierced in everv 
direction by stolons of the common couch gra.ss, Trificum re/>m«. They 
had gone completely through, as if they were so much wire, and in one 
instance two tubers had become strung together by the same stolon, as if 
they were two beads on a string. One would suppose that the apex of tbe 
stolon, when it came in contact with the hard surface of the tuber, would 
turn a.side and rather follow the softer line of the eartli ; but there wa-s no 
appearance of any inclination to depart from their direct course. Thev had 
gone apparently straight through. lie had no doubt the potato before 
referred to was a similar case, a potato stolon had penetrated another 
potato, and instead of going through as these grass spears had done, termi- 
nated in the centre, and formed the new potato there. It was worth_v of 
thought whether so much attention had been given to this direct force in 
plants as the subject deserved. It was well known that a mushroom would 
lift a paving-stone many times its own weight, rather than turn over and 
grow sideways, which it would appear so much easier for it to do; and tree 
roots growing against walls would throw immensely strong ones over, 
though one would thiuk the pressure against the softer soil would give 
room for their development, without the necessity of their exjrending so 
much force against the wall. 

Culture of rariowt Herbs and Plants . — On October 10, M. Decaisne read 
a paper before the French Academy recommending strongly the advisability 
of cultivating various forms of herbs and plants during the siege. lie 
points nut that great results would be obtained and that the thing could 
easily be done. 

Stracture of Ferns . — The fact that Paris was besieged does not seem to 
have interfered much with the botanists. In the “ Comptes liendus ” of the 
Academy for October 31, we find M. Trdcul discussing the ferns as fully as 
ever. In regard to Lh'dymochtrma sinuosa he cites all the old and 
recent authorities from whom be differs, and in this manner occupies 
verv' nearly nine pages of the Journal. The memoir must be read carefully 
by those interested ; it is nmch too long for an abstract. 

Tlu' Derelopment of the Ijeaves of Sarracenia. — M. H. Baillon, in a 
memoir presented to the French Academy by M. Brongniart (November 7), 
enters very fully into this subject and discusses the views of Saint-IIilaire, 
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Duchartre, Dr. Hooker, and others. Botanists are not agreed as to the 
exact significance of the different parts of the leaf. The most generally 
accepted opinion is that of the two former botanists. The author has 
studied the development of the leaves, and comes to the following con- 
clusion. At first the leaves are represented by little buds, little elevations 
with a convex surface. At a little later period the base of these organs 
dilates a little and becomes slightly concave inwards. This is the first 
rudiment of the sheath, a portion of the leaf which we see has no 
relation with the cavity of the um of Sarracenia. This vagina, which will 
take later on a great development, bears itself here as in all the vegetables 
in which it is found, and has no influence upon the constitution of the 
urn. The first indication of the latter is a small depression, a sort of 
‘\foaiette,” very slight at first, which produces itself gradually and within 
the cone which represents the young leaf. This depression is really due to 
an inequality of development in the various parts of the summit of the leaf. 
In this respect the leaves of Sarracenia behave themselves like those of the 
Nymphaacea with which they have other analogies. The remainder of M. 
BaiUon’s paper is, though short, too long for an abstract. It should be all 
translated to render it intelligible, but it is not without value as a paper on 
vegetable morphology, if we may use the term. 



CHEMISTRY. 

The Production of Acetic Acid hy the Deetructire Dietiliation of lietin . — 
Mr. Charles R. C. Ticbbome recently (January 9) read a paper on this 
subject before the Royal Irish Academy. He said he found that, when 
resin was submitted to distillation, among other products was a strongly 
acid solution. The silver salt of this acid was formed, and on analysis it 
proved to be acetic. He remarked that it was rather surprising to see acetic 
acid produced in appreciable quantities from a substance so comparatively 
poor in oxygen. The amount of oxygen in colophony was lO'O per cent., 
whilst in an acid-yielding substance, such as woody fibre, it was 40-4 per 
cent. 

Amorphoue Sulphur. — A recent number of “ PoggendorfPs Annalen ” 
(No. 11, 1870) contains a paper on this subject by Herr R. Weber. The 
paper contains the account of a series of experiments made with sulphur 
obtained by precipitation (by means of acids) from hyposulphites, alkaline 
sulphurets, and the decomposition of sulphuretted hydrogen. Sulphur 
obtained from hyposulphite of soda by the addition of some hydrochloric 
acid to the solution of that salt, exhibits the appearance of an oily fluid, 
which remains liquid for a considerable time after having been washed by 
carefully-conducted decantation, and resembles, as regards colour and con- 
sistency, the yolk of eggs. The sp. gr. of this sulphur varies from 1-02 to 
1 '927 ; it is amorphous, but becomes, when completely solidified, crystalline, 
a phenomenon which is greatly accelerated by heat. The author found that 
the liquid sulphur contains small quantities of persulphide of hydrogen, but 
the origin of that substance could not be traced. The assertion often made, 
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that CTTstalUne sulphur bj contact with acids is converted into amorphous 
sulphur, is not found to be correct when experiments were purposely in- 
stituted to test this. 

Amygdaline and an Atparagine-like mbetance m — Herren Ritt- 

hausen and Kreusler have contributed a paper on these substances to the 
“ Journal fiir praktische Chemie ” (Xo. 18, 1870), which is thus abstracted 
in the “ Chemical News." The authors, while experimenting with vetch 
obtained from Attica (Greece), found, on treating the coarse powder of this 
seed with water, that it gave off* the smell of hydrocyanic acid, which, on 
nearer investigation, was found to be due to an amorphous modification of 
amygdaline. As regards the presence of an asparagine-lihe substance, the 
authors found a crystalline body, which, on being submitted to elementary 
organic analysis, gave results leading to the formula C,H„N,0,; this sub- 
stance is difficultly soluble in water, more readily so in boiling dilute alcohol, 
and almost insoluble in boiling alcohol at 85 per cent. 

TTte Chemiftry of Compressed Leather. — In “ Dingler's Jonmal ” for De- 
cember Dr. Dingier states that offal of leather, cuttings, and scraps are first 
cleansed from dirt and dust, then soaked in water containing 1 per cent, of 
sulphuric acid, until the material becomes soft and plastic, next compressed 
into the shape of blocks, dried by steam, and lastly rolled out in mills. In 
order to soften the mass, 1 lb. of glycerine is added to 100 lbs. of material. 
The leather thus again obtained is applicable for the inner soles of boots, &c. 

Dr. Jf'agner’s Chemical Technology and Gmelins' Work. — The eighth 
edition of Dr. Wagner's well-known work on “ Chemical Technology ” is, 
according to the “ Chemical News ’’ of January 27, soon to appear. An 
English edition of this valuable work is in preparation, and will be published 
shortly after the German edition. From a short notice which appeared in 
the “ Zeitschrift fiir Chemie,” No. 21, we learn that Dr. K. Kraut has edited 
four of the hitherto unfinished parts of Gmelins’ work, including an excel- 
lently arranged general index. The publisher is M. K. Winter, of Heidelberg. 

Decomposition of Sidphide of Carbon by Heat. — In the “Journal fiir 
praktische Chemie " (No. 16) W. Stein relates a series of experiments made 
with perfectly pure sulphide of carbon. His results show that sulphide of 
carbon is not decomposed by a very high temperature if charcoal is simul- 
taneously present; it is therefore necessary to keep the retorts plentifully 
supplied with either charcoal or coke. 

J/ow to Estimate the Total Carbon in Iron. — In “ Dingler's Journal ’’ (first 
number, for November 1870;, Dr. Wittstein first states that the method 
suggested for the estimation of carbon in iron (crude cast-iron) by the late 
M. Berzelius, is the best and most simple. It consists in treating the iron 
with chloride of copper. The author’s experiments with this method were 
conducted as follows : — 1'26 grms. of coarsely pulverised iron were added 
to a liquid contained in a flask, and consisting of 50 grms. of water, 10 grms. 
of chloride of sodium, and 10 gnus, of sulphate of copper. The iron was 
left in this solution for a couple of days. Ten grms. of hydrochloric acid, 
sp. gr. 113, were then add^. The flask was next heated on a sand-bath. 
By this operation the hydrated oxide of iron and the finely-divided metallic 
copper were dissolved, and after the liquid had been diluted with about 
twice its bulk of water, the carbonaceous matter was collected on a 
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previously weighed filter, and dried at 100°. The quantity obtained weighed 
0-007 gma., losing by ignition a quantity of 0-042 gnn., which amounts to 
S-36 per cent of carbon. The residue of the ignition was tested for the 
presence of iron and copper by dissolving it in nitro-bydrocbloric acid {aqtui 
rtgia). Both metsils, to the amount of 1 centigrm., were found to be present ; 
the remaining silica was still found to contain a small quantity of carbon. — 
See also the “Chemical News.” 

An Occational Origin of Nilratet in Water. — Mr. Charles Ekin has 
(Chemical Society, January 10) found considerable quantities of nitric acid 
in spring water, for which he could not account by supposing it to come 
from some sewage contamination. Closer examination showed that the 
water in question had passed through a fossiliferous stratum. This obser- 
vation necessitates a modification of the “ previous sewage contamination 
theory.” 

A Neic Alkaloid from Cinchona Bark. — Mr. D. Howard, in a paper read 
before the Chemical Society on January 20, said tliat, in experimenting upon 
impure crystallisations of salts of quinine obtained from the mother-liquors 
of the manufacture of sulphate of quinine, he has occasionally been perplexed 
by an unusual loss in re-crystallising, which the mechanically adhering 
mother-liquor did not seem to account for. A more careful examination of 
some of these substances shows that the cause, in some cases at least, is the 
presence of an alkaloid hitherto undescribed, the extreme solubility of the 
salts of which both distinguishes it at once from the cinchona alkaloids 
already known, and renders it very difficult to separate from the uncrystal- 
lisable quinoidin. The most convenient method of obtaining it is to purify 
the alkaloids contained in the mother-liqiior from the re-crvatallieation of 
such impure products as he has mentioned by solution in ether, and, after 
evaporation of the ether, to dissolve with oxalic acid iu as small a quantity 
of water as possible, and to allow it to ciystallise. The oxalate thus ob- 
tained may be puritietl by re-crystallisation from water with the addition of 
animal charcoal, but he has never been able to free it entirely from a yellow 
colour. 

Chair of Chemietry at the Ltmdrm hutitution. — Dr. Henry E. Armstrong 
has been appointed Professor of Chemistry, an office once held by Mr. W. 
R. Grove, Q.C., and subsequently by Mr. J. Alfred AVanklyn. Dr. Arm- 
strong studied chemistry under Professors Hofmann, Frankland, and Kolbe, 
and has been associated with Dr. Frankland and the late Dr. Mattbiessen 
in original researches. 

The Ditcovery of Chloralum. — This does not appear to rest with Professor 
Gamgee,aswas supposed at first Mr. J. Carter Bell, writing to the “Chemical 
News” (February 3, 1871), says: “With regard to the much-vaunted 
‘ Chloralum,’ I see Professor Gamgee says, in his letter of January 13, 

‘ The agent (chloralum) had never been thought of in therapeutics until 
last January ; ’ again, in his letter of the 27th, ‘ since I first thought of the 
chloride as an antiseptic just a year ago.’ In lire's ‘ Dictionary,’ 18C3, 
Article ‘ Disinfectants,’ chloride of aluminium is mentioned as an antiseptic ; 
it says, ‘ Meat, if well packed, cleaned, and washed with a solution of chlo- 
ride of aluminium, will keep three months.’ After that I hardly think 
Profeaaor Gamgee can lay claim to the discovery of the antiseptic and 
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therapeutic properties of chloride of aluminium.” This is of course too 
clear, and we are surprised that a volume so well known should not have 
been previously consulted by Professor Gamgee. 

Ah Ksamination uf the Doctrine of Alomicitiet is the title of a paper 
originally read at the Troy Meeting of the American Association. It has 
since been reproduced by the “ Chemical News,” and it will, we think, repay 
perusal. It is not a paper which could be profitably abstracted, or we should 
attempt it for our readers. 

Escii/ie of the Abbi Moigno mid Injury to M. Ch. Girard. — Tbe “ Chemical 
News” of February 24 states that it has just received a letter from the 
Abbe, dated Paris, F'ebruary 15, 1871. From this it understands that the 
distinguished sarant had a narrow escape during the bombardment. A 
shell exploded in his bedroom, and destroyed more than a thousand valuable 
books, but he e.scaped uninjured. Les Mondet, the publication of which was 
suspended last September, will reappear as soon as communications are 
open. M. Ch. (iirard has, we regret to say, received serious injury from 
the fall of a shell, but our readers will be glad to hear that he is now con- 
valescent. 

Making Malt icithoiU Germination. — In a paper which appears in “Dingler's 
Journal” for January 1871, Dr. II. Fleck gives the detailed account of a 
series of experiments made by him with the view to ascertain how far it 
is powible to substitute for the ordinary process of malting the method of 
steeping the grain (barley or any other) desired to be converted into malt, 
in weak and dilute acids, to obtain thereby the same effect as produced by 
germination, and, moreover, in a far shorter period of time. It appears that, 
provisiunMly, the author has succeeded in his attempt, but is engaged in 
further experiments. Dilute nitric acid, containing 1 per cent, of acid, yields 
excellent results. 

Death of Dr. Miupratt. — It is with much regret that we have to announce 
the death of Professor Janies Sheridan Muspratt, M.D., F.R.S.E., &c., 
which took place at West Derby, Liverpool, on F’ebruary 3. The deceased 
was liorn at Dublin on March 8, 1821, and was the son of the well-known 
founder of extensive chemical works established near Liverpool. The Pro- 
fessor was a pupil of the late Mr. Graham, first at Anderson’s University, 
Glasgow, and afterwards in London, and also studied under Baron von 
Liebig at Giessen. The deceased was the founder of a College of Chemistry 
at Liverpool, and was well and widely known in the scientific world by a 
variety of scientific publications. 

Detection of Snvaye Matter in Water. — Since the statements of Mr. 
Ileisch this subject has attracted much attention. The best article upon it 
is that of Professor Frankland, which concludes as follows : — Potable water 
mixed with sewage, urine, albumen, and certain other matters, or brought 
into contact with animal charcoal, subsequently developes fungoid growths 
when small quantities of sugar are dissolved in them and they are exposed 
to a summer temperature. The germs of these organisms are present in the 
atmosphere, and every water contains them after a momentary contact with 
the air. The development of these germs cannot take place without the 
presence of phosphoric acid, or a phosphate or phosphorus in some form of 
combination. Water, however much contaminated, if free from phosphorus. 
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does not produce them. A German philosopher has said “ ohne Phosphor 
kein Gedanke.” The above experiments warrant the alteration of this 
dictum to “ ohne Phosphor gar kein Leben.” 



GEOLOGY AND PALEONTOLOGY. 

The Labradorite Rocks of Antericn have been very fairly described in a 
lonif paper by Dr. T. Sterry Hunt, in the “ Canadian Naturalist.” These 
peculiar labradorite rocks, presenting a great similarity in luinemlogical and 
lithological character, have now been observed in Essex County, New York, 
and through Canada, at intervals, from the shore of I..ake Huron to the coast 
of Labrador. They are again met with in southern New Drunswick, in the 
Isle of Skye, in Norway, and in south-western Russia, and in nearly all of 
these localities are known to occur in contact with and apparently reposing, 
like a newer formation, upon the ancient Laurentian gneiss. Geikie, in his 
memoir on the geology of a part of Skye,* appears to include the norites or 
hypersthenites of that island with certain syenites and greenstones, which 
he describes as not intrusive, tliough eruptive after the manner of granites 
(loc. cit., p. 11-14). The hypersthenites are represented in his map as 
occurring to the west of I>x;h Slapin. Specimens in Dr. Hunt's possession 
from Loch Scavig, a little further we.'<t, and others in MacCulloch's collection 
from that vicinity, are, however, identical with the North-Ainerican norites, 
whose stratiKed character is undoubted. His paper is of considerable length, 
but may be referred to with advantage. 

Noteworthy Points in Itatinn Geology . — According to Mr. J. C. Ward, 
writing in the “Geological Magazine” for January, these are brietty as 
follows: — 1. The geological records date back only to Jurassic times, and 
there is no direct evidence of land over this area until late Secondary or 
early Tertiary. 2. The formation of Italy has been eft'ected in a very simple 
manner, namely, by the upheaval of three con-secutive marine formations 
into a long chain of mountains, and by the deposition round this long island 
of marine strata belonging to the Miocene and Pliocene periods, and their 
subsequent moderate upheaval. 3. The time through which this history 
carries us back divides itself into three separate periods as regards action 
from below. (1) A period of tranquillity, or slow depression, during which 
tranquil marine deposition was going on. (2) A period of vast internal 
force manifested in the form of upheaval of land, and formation of lofty 
mountains. (3) A period, not yet entirely over, of the same force manifested 
in an outward or volcanic form. 

Graphite in the American Laurentiati . — Writing on this subject some short 
time since. Dr. Dawson says the quantity of graphite in the Lower Lauren- 
tian series is enormous. In a recent visit to the township of Buckingham, 
on the Ottawa River, he examined a band of limestone believed to be a con- 
tinuation of that described by Sir W. E. Logan as the Green Lake Lime- 
stone. It was estimated to amount, with some thin interstratihed bands of 

• “ Quar. Jour. Geol. Soc.,” xiv. p. 1. 
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giieiu, to a tbickneaa of 600 feet or more, and waa found to be filled 'with 
dimeminated crystals of graphite and %’eins of the mineral to such an extent 
as to constitute in some places one-fourth of the whole : and making every 
allowance for the poorer portions, this band cannot contain in all a Ie,ss ver- 
tical thickness of pure graphite than from 20 to 30 feet. In the adjoining 
township of Locbaber Sir W. E. Logan notices a band from 25 to .‘tO feet 
thick, reticulated with graphite reins to such an extent as to be mined with 
profit for the mineral. 

Crocodilian Retnaint in America. — At the meeting of the Academy of 
National Sciences, Philadelphia (November 1) Professor Leidy remarked 
that he had recently received from Professor Hayden’s expedition a collec- 
tion of fossils, mostly consisting of remains of turtles and crocodiles. He 
had formerly expressed surprise at the absence of remains of the latter 
among the great profusion of remains of mammals and turtles in the 
Mauvaises Terres deposits of White Hirer and the sauds of the valley of the 
Niobrara Hirer. He now felt some wonder at seeing so many crocodilian 
remains, apparently of cotemponmeous age with some of the latter. The 
reptilian remains are generally in a very fragmentary condition, and bare 
been picked up from the surface of the country. Several undescribed species 
of turtles were recognisable, but these would he characteri.sed at a later 
period. From among the crocodilian remains he bad been able to obtain a 
large portion of those of a skull of Crocodiltu EUiotti, indicated some time 
ago from a jaw fragment. The skull appears to have nearly the form of 
that of C. ndgaris and C. bi/>orcat>u. It is about a foot and a half in 
length. Teeth appear to hare been absent at the extreme fore part of the 
jaw. Immediately behind their usual position the palate presents a deep 
pit at each side of the naso-palatine orifice. The jaw is deeply indented 
laterally, just back of the position of the fourth tooth, and a less indentation 
is situated back of the ninth tooth. 

Chair of (iroloyy and Mineraht/y in Edinhargh. — Our readers are perhaps 
aware that some tiiue ago Sir Hoderick Murchison offered the munificent 
sum of 0,00(V. for the endowment of a Chair of Geology and Mineralogy in 
the University of Edinburgh, on the understanding that the annual proceeds 
of this sum would be supplemented by a grant from Parliament. We may 
state that Government has consented to this proposal, and has agreed to 
recommend an annual grant of 200/. The University is said to be largely 
indebted for this desirable result to the earnest co-operation of its member. 
Dr. Lyon Playfair. 

Thertntd Spring) in Cambridgeshire. — The Rev. O. Fisher writes in the 
“Geological Magazine” (January), in opposition to the notice of Mr. 
Hamer, that there are such things as thermal springs. “ To-day,” says Mr. 
Fisher, “ I went into a farmyard in this village, and found them laying up 
the manure in heaps, previous to carting it away upon the land. The 
manure waa already hot and steaming when they removed it from the area 
of the yard, on which it lay two feet det>p. There stands a pump in the 
centre of the yard ; and I asked the farm-servant, who lives on the spot, 
whether the water was warm. ‘Yes,’ said he, ‘almost as warm as new 
milk. And so is the water from the other well ’ (which stands on the edge 
of the yard). I fetched a thermometer, and found the water in the yard at 



Digitized by Google 




SCTESTIFIC 8UMMABT. 



209 



66° F«hr., that in the well on the edge of the yard at 64°, while the tem- 
perature of the air was 44°. Snow has been lying on the ground for five 
days, and disappeared only last night. In thawing it has gone into the 
farmyard well, and discoloured the water; else probably the temperature 
might have been higher, for the workman considered the water less warm 
than usual. In these wells the water stands at about twelve feet from the 
surface. They are fed by springs from the lower chalk, the water being held 
up by the gault. In such a country as this, the idea cf thermal springs 
being fed by faults from below seems improbable, since, though there may 
be faults, it is scarcely possible that open fissures can exist in the soft clays 
of the district.” 

Tht Red Pipt-etone Quarry (America). — Dr. Hayden, in a work recently 
reviewed, gives the following admirable description of the above, which 
Mr. G. A. Labour thinks may be of interest — as it unquestionably is — to 
every reader of “ Hiawatha ” : — “ On reaching the source of the Pipe-stone 
Creek, in the valley of which the pipe-stone bed is located, I was surprised 

to see bow inconspicuous a place it is A single glance at the red 

quartzites here assured me that these rocks were of the same age as those 
Wore mentioned at James and Vermilion Rivers, and at Sioux Falls. The 
layer of pipe-stone is about the lowest rock that can be seen. It rests upon 
a grey quartzite, and there are about five feet of the same grey quartzite 
above it, which has to be removed with great labour before the pipe-stone 

can be secured The pipe-stone layer, ss seen at this point, is about 

eleven inches in thickness, only about two inches and a quarter of which 
are used for manufacturing pipes and other ornaments. The remainder is 
too impure, slaty, fragile, &c. This rock possesses almost every colour and 
texture, from a light cream colour to a deep red, depending upon the 
amount of protoxide of iron. Some portions of it are soft, with a soapy 
feel, like steatite, others slaty, breaking into thin flakes, others mottled 

with red and grey There are indications of an unusual amount of 

labour on the part of the Indians in former years to secure the precious 
material.” It is remarkable that its age is not yet settled. 

The Phytical Relatumt of the New Red Marl, Rhatic Beds, and Lmcer Lias. 
— At the meeting of the Geological Society on January 11 Prof. A. C. 
Ramsay commenced by stating that there is a perfect physical gradation 
between the new red marl and the rbsetic beds. He considered that the 
new red sandstone and marl were formed in inland waters, the latter in a 
salt lake, and regarded the abundance of oxide of iron in them as favourable 
to this view. The fossil footprints occurring in them were evidence that 
there was no tide in the water. The author maintained that the new red 
marl is more cloeely related to the rhaetic, and even to the lias, than to the 
hunter ; and in support of this opinion he cited both stratigrapbical and 
paleontological evidence. He described what he regarded as the sequence 
of events during the accumulation of the later triassic deposits and the 
passage through the rhaetic to the lias, and intimated that the same 
reasoning would apply to other British strata, especially some of those 
coloured red by oxide of iron, including the permian and the old red sand- 
stone, and part of the Cambrian. The paper excited a very long discussion, 
which we have not space to record. 
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U'fbsteriU at Briyhton. — Mr. S. O. Perceval, F.G.S., statea that in last 
July he observed that a deposit of Websterite, siibsulphate of alumioA, had 
been cut into, in excavating for the new system of drainage in the Mont- 
pelier Road, opposite the south end of Vernon Terrace. It occurs at a 
depth of 10 feet from the surface of the road, beneath a ferruginous deposit 
of varying depth, which overlies the chalk on the summit of the hill, consist- 
ing of ochreous clay with occasional flint-breccia and manses of hsematite iron 
ore in some instances mammillated and associated with crystals of selenite. 
The iron ore is occasionally friable and of a cindery appearance, containing 
in its cavities angular pieces of chalk and occasional groups of crystals of 
selenite. The deposit of Websterite is about three feet wide at its junc- 
tion with the overlying ferruginous mass, narrowing as it descends, ap- 
parently occupying a fissure in the chalk, which has at some time been 
filled with clay, or has been formed by some decomposing action on the 
chalk, the chalk intruding occasionally into the vein of Websterite. 

Dr, Carpentrr't I’icics 0/>poied. — Mr. H. Green contributes a very able 

paper to the “Geological .Magarine” (January 1S70), in which he analyses 
Dr. Carpenter's argument. Can, he asks, then, the fauna of the sea on 
whose bed the chalk of to-day is forming be said, on a brand view, to be the 
same as the fauna whose remains are preserved in the chalk of Dover ? He 
is not surprised that certain low foniis should be common to the two, because 
the conditions under which such creatures live do not in all likelihood in- 
volve that struggle for existence to which specific change is probably due; 
they have ample space and ample sustenance for animals of their simple 
requirements. Some few forms, too, stimewhat higher in the scale, seem 
to have lived on in “ the dark uufathomed oaves of ocean ” but little 
affected by the round of changes that have so largely altered the dwellers 
on the upper world, though here it seems that the modem representatives 
are only gencrically allied, and not specifically identical, with the older 
forms, a point of the highest importance. Rut, leaving these cases out of 
the question, are the two faunas, ns a trhole, a bit alike? Take one simple 
instance. The older chalk swarms with ammonites, scaphites, boculites, 
and belemnites, all well-marked and typical fonus, not one of which will 
be embedded in the chalk of to-day; and the old chalk has not yet fur- 
nished a single fragment of a marine mammal, many species of which will 
be preserved in the modem chalk. paleontologist would readily point 
nut any number of similar contrasts between the two faunas; but what 
he has said will, ho thinks, make it clear why it is that be cannot under- 
stand how anyone can say we are living in the cretaceous epoch, unless 
he at the same time as.^rts that the age of a geological formation is to 
be determined from those beds only which are formed out of tWaminifera, 
and by the Foraminifera alone of the fossils contained in such beds. 



MECHANICAL SCIENCE. 

The Toicer Subway . — This tunnel under the Thames, which ns on en- 
gineering work was carried out with so much skill and success, rather 
threatens to prove commercially a less satisfactory undertaking. At all 
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erents, it has been found necessary to abandon the mechanical working of 
the tunnel, and to use it as a simple footwaj’. Whether, with its working 
expenses thus reduced to a minimum, it will repay its cost of construction, 
time will show. The traffic under the new arrangement has been con- 
siderable. 

Rmlway Tires . — A very interesting discussion is being carried on as to 
whether the tires of railway carriages are or are not more liable to fracture 
in cold weather than at other times. It has long been a popular belief that 
iron was rendered either more brittle or weaker by cold. But the belief 
does not rest on any very well established basis. On the whole, the balance 
of experimental evidence seems to show that iron is not reduced in tensile 
strength nor weaker to resist impact when very cold than at ordinary 
temperatures. Some recent ingenious experiments of Dr. Joule, communi- 
cated to the Manchester Philosophical Society, are in accordance with this 
view ; but engineers generally would be glad if Dr. Joule’s experiments 
could be repeated on a larger scale. Probably enough certain qualities of 
iron are more affected by temperature than other qualities, and in a matter 
of so much importance to the lives of travellers it is very desirable that 
fuller information on this point should be obtained. Dr. Fairbaim points 
to the crude process of shrinking the tires on the wheels, and thus inducing 
an initial state of tension in the tire as the primary cause of fracture, the 
objection to the shrinking-on process being that the exact amount of stress 
induced in the process is unknown, and depends on the skill and attention 
of the workmen. We do not remember to have seen it suggested, that 
there may be some difference in the rate of expansion and contraction of 
the iron of the tire and of the body of the wheel with change of tempera- 
ture, yet a difference may quite possibly exist. The iron of the tires and 
the wheel arms and nave is not of the same quality, and probably the 
crystalline arrangement differs. If there were a greater contraction of the 
tire than of the body of tho wheel, this would explain the fact, alleged by 
railway managers, that more tires break in winter than summer, without 
requiring an aasent to the supposed weakening of the iron. Or perhaps it 
may help to explain why steel tires enjoy a greater immunity from fracture 
in cold weather than iron ones. The same explanation will not hold in 
the case of rails, which also are stated to break more frequently in winter ; 
but, in their case, the greater rigidity of the supports when frozen would 
seem fairly chargeable with part at all events of tho injury. 

Stability of Ships . — .\11 those who are interested in the scientific problem 
presented in the calculation of the stability of ships should study the 
documents accompanying Mr. Childers’ minute on the loss of the Captain. 
Perhaps the clearest statement of the conditions to be attended to in 
estimating the stability of a vessel will be found in a very interesting paper 
by Mr. C. W. Merrifield, F.R.S., in the “ .\nnual of the Royal School of 
Naval .\rchitecture,” recently published. 

Adding Machine . — A very simple and neat machine for mechanically 
adding up long columns of figures will be found described in “ Engineering ” 
for January 27. I'he instrument has been invented by Mr. Webb, of New 
York. 

y«w Marine Boiler . — A new form of water-tube boiler has been invented 
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by Messrs. Howard, of Bedford, and a boiler of this kind recently placed 
on H steam-tug (the Fairy Dell) has been successfully worked at a pressure 
of loO lbs. per sq. in. This, for mariue purposes, is a very unusually high 
pressure. 

Archimedian Screw for Lifting ff'ater. — Mr. Wilfrid Airy has communi- 
cated a very interesting paper on this well-known contrivance for pumping 
purposes. He has greatly improved the screw, and made it more easy of 
construction by making the diaphragm which forms the spiral chamber 
part of a developable surface instead of part of a true screw surface. 
Round a solid core he winds a plane sheet of tin or other metal, and retains 
its inner edge in a spiral groove. The plane then takes a determinate 
position, not at right angles, hut inclined to the central core. The whole 
is tlien placed in its usual cylindrical case. The developable screw threads 
are not only more easily constructed, but they make a more efficient 
machine than the true screw threads, Mr. Airy's experiments show that 
the efficiency of the screw under the most favourable circumstances may 
reach 85 to 88 per cent. 



MEDICAL SCIENCE. 

Inca SkuUe . — It would appear from a letter of Herr Oratian, of Bruiu- 
wick, to Chevalier von Haidinger, of Vienna, that the above subject has en- 
grossed the attention of the former of these two savans. The following is 
an extract : — “ With regard to my palieontological researches, I heg to 
inform you that they are at present in a somewhat modem direction. The 
exploration of beds containing fossil bones, especially of the period of the 
mammoth, the cave-hear, &c., as well ns the search after implements of the 
stone period, combined with cave-studies, form now my chief occupation. 
I have here explored a bed which has already yielded Interesting results. 
The acquisitions of ln.st year include two Inca skulls from Chincha Alta, 
which are in a condition quite as described by Morton, and are especially 
distingui.sbed by the vertical descent of the occipital hone. These skulls 
were, besides other curiosities, presented to me by the commander of the 
North German frigate Neptune, who obtained them at the Huacas. There 
is a peculiar interest attached to them in as far as these skulls were brought 
to the surface in consequence of the earthquake on the Peruvian coast, 
which happened in the month of .August, 1868 .” — Mittheilungen der Anthro- 
pnlogiechen Oesellechaft in If 'ten. 

Cancer of the Lymphatic*. — Dr. \MiitaIl, who has devoted some atten- 
tion to this subject, states that in a case which he lately examined after 
death, most of the lymphatic glands, the left breast, and the surrounding 
indurated tissue, contained an abundance of fibrous tissue, in which were 
embedded free nuclei and nucleated cells, of various shapes and sizes. In 
some of the glands, and in a portion of the pancreas, the cells predominated 
over the fibrous stroma. The central portion of the various growths was in 
an advanced state of fatty degeneration ; in some places scarcely anything 
hut fat was discovered ; in others the cancer-cells were more or less filled 
with oil-globulea. Portions of the pectoral muscles were reduced to mete 
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fibres infiltrated with cancer-cells, but contained little fat. \o suspicious 
elements were found in the stomach or in the nodule of the spleen. The 
liver-cells were large, many of them hyaline and without a nucleus, others 
nearly normal. A good deal of free oil, hut not an abnormal amount, in the 
oells : no excess of fibrous tissue. Some of the tubes of the kidney were 
infracted with granular and fatty epithelium ; many of them healthy. No 
abnormality noticed in the tufts. There was a considerable excess of fibrous 
tissue. — Acre York Medical Journal. 

Cold Y" rinks and their Injlieence ocer Blood-Pressure. — It is asserted by the 
“.loumal of Anatomy " (November), that Hermann and Oanz (“PHuger's 
.\rchives,” 1870, p. 8) have endeavoured to ascertain what may be the reason 
for the widely-spread belief that cold drinks are dangerou.s during a heated 
state of the body. They injected water at a temperature of 0° C. into the 
stomachs of dogs. The blood-pressure always rose after an injection. This 
result cannot in their opinion be ascribed to absorj>tion, because it appeared 
verv speedily after the injection, and moreover hot water failed to produce 
it. The tracing obtained by the kymograph further showed that the 
increased pressure was not due to increased cardiac action ; they therefore 
ascribed it to contraction of the vessels due to the cold. They suppose that 
the evils which are commonly a.scribed to drinking cold water during a 
heated state of the body are due to the sudden increase of blood-pres.'^uro 
which the cold produces, favouring congestion of the brain and lungs. 
Quite in opposition to what one would have anticipated, they found the 
increase of pressure much less in animals previously paraly.sed by curare. 
Thev fancy that when an animal is not so paralysed, the cold, by increa.sing 
the frequency of the respirations and the depths of the inspirations, brings 
into play a compensating mechanism which keeps the pressure from ri.sing 
so much as it otherwise would (?) It is sati.sfactory to know that they 
intend to investigate further. 

Action of Alcohol on the Body. — A new medical periodical, styled “The 
Doctor,” gives a note in its January number on the above subject. It says 
that Dr. Heinrich Timmerberg (“ Inaug. Dis-sertation,” Dorpat, I8(>9) found, 
as the results of his investigations and experiments on animals; — 1. That 
alcohol constantly lowers the bodily temperature. 2. That it les.sens the 
frequency of the heart’s contractions. 3. That the blood-pressure in the 
carotids is lowered, indicating diminished force in the cardiac action, and 
that this eft'ect was produced partly by direct action on the heart and partly 
through the vagus nerve. The retardation of regres,sive metamorphosis bv 
means of alcohol is to be ascribed to the weakening of the heart's action, as 
well as to direct influence on the blood. 

A Physioloyirnl Prize at Cambndye. — Dr. J. Hedge, who went out with 
Sir Samuel Baker's expedition to .\frica, and whose death at Khartoum has 
been lately recorded, has left 1,0001. to the University of Cambridge, 
in order to found a biennial prize for physiological research. 

Dr. Norris's recent Erperiments as to Blood. — At the recent S'drde of the 
Royal Society, among the many curiosities exhibited, the most remarkable, 
and what had most interest for members of the medical profession and for 
physiologi.its generally, were the experiments performed by Dr. John Norris to 
show the cohesion of colloidal films and spheres, by which he believes that 
VOL. X. — NO. XXXIX. Q 
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the pamage, en tmife pi^ce, of the hlood-corptiecleg through the capilUrv 
walls, as observed by Cohnheim and others, can be explained. I)r. Norris 
used for the purpose a solution of soap and metal rings of various dia- 
meters, set in handles, to hold the films, the spheres being the ordinary 
blown soap bubble. When such a bubble was allowed to fall upon a film, 
it at once assumed a flattened ovoid form, and projected equally on either 
side of the film, moving readily across it as the frame was inclined from one 
side to the other. By a dexterous application of the blowpipe Dr. Norris 
next took away the bubble from the opposite side of the film to that 
to which it had been first applied, leaving the latter unbroken. Thus the 
sphere had pa.s.«ed through a film which presented no opening of anv kind 
without rupturing it Solid bodies well moistened externally, such a« an 
orange, or a mass of glass, were also passed through. A certain proportion 
of moisture Dr. Norris has found to be essential to the cohesion of the 
colloidal substances ; for if the sphere and the film were kept apart for a 
few seconds, no such result ensued ; the sphere rested on the film without 
cohering to it or changing its shape. Applying the knowledge acquired by 
these experiments to the migration of the blood-corpuscles through the 
capillary ti«8ties, it may be conjectured that such a relation as regards 
moisture exists between the corpuscle and the wall of the vessel in the 
normal stale as to prevent the paasnge of the one through the other; but 
if this relation be disturbed by any cau.se, cohesion of the opposed surfaces 
occurs, and the sphere (blood disc) passes through the film (wall of the 
capillary). The aggregation of the corpuscles into rouleaux, under certain 
conditions, may al.so perhaps be similarly accounted for. — Vide Lancet 
(March 18). 

Hvic are the Miasmata of Marshes destroyed f — An interesting controversy 
is at present going on. says “ The Lancet,” in Italy between Dr. Fattorini 
and the well-known Dr. Bnntaleoni, of Rome. The latter stated bMadly, 
at the Congress of Horence in 18d0, that the most efficient manner of ren- 
dering marsh land healthy is to allow a large population to inhabit it. lie 
gave as an example a portion of central France called Sologne, which 
formerly was very deadly, owing to marsh miasmata, and which now, 
being densely populated, has become a very healthy district. These 
opinions were repeated and dilated upon by the same author in the Italian 
journal “ Lo Sperimcntale ” (September, October, and November, 1870). 
Dr. Fattorini retorts, however, that draining is the principal means of 
lessening the unhealthiness of such districts, and that the natural conse- 
quence of Dr. Pantaleoni's tenets would be that jieople should be thrust 
into unhealthy localities to dimini.sh the amount of miasmata. 

Fusion of the Anthro{ioloi/ical and EthnrJoyiral Socitiies. — We are happy to 
sav that this fusion bos been at last accomplished. The title of the new 
body, name<l by Professor Huxley, is the .\nthropological Institute of Great 
Britain and Ir*dand. 

Ilealth of Baron Liebiy. — We rejoice to hear of Baron Liebig's recovery. 
He is now lecturing at the University of Munich with all his old energy. 

Plati/nemic men in Denhiyhshire. — The remains of these men has been 
the subject of a commumcation of much intere.st by Mr. Boyd Dawkins, 
F.R.S., and Mr. Busk, F.R.S., to the “Journal of the Ethnological Society” 
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(January). It seems that in these men the tibiae were remarkabl_y com- 
pressed laterally, giving to transverse sections of the bone almost the form 
of a vertical antero-posterior section of a canine tooth, instead of the irregu- 
larly rhomboidal form by which they are usually characterised. This pecu- 
liarity was first noticed by Dr. Falconer and .Mr. Busk in 1863, in human 
remains procured from the Genista cave at Gibraltar, and almost coinci- 
dently by Professor Broca, in tibiie procured from the dolmen of Chamant 
(Oise), and subsequently in those discovered at Montmartre by M. E. Ber- 
trand. Mr. Busk considers it in the highest degree improbable that it con- 
stitutes a r^e character, and still less that it cim be looked upon as indica- 
ti\e of simian tendencies, a notion that M. Broca seems inclined to favour. 
The remains were found in a cave at Perthi Chwareu, near Corwen, with 
bones of the dog, fox, badger, pig, roe and red deer, sheep, Celtic shorthorn, 
horse, water-rat, hare, rabbit, and eagle, and in another at Cefn, near .St! 
Asaph, where the tomb was remarkably divided into chambers. There 
appears to have been at least sixteen bodies, and Mr. Dawkins refers them 
to the Neolithic age. 

Influence of Quinine on Tetnperaiure.— The “Indian Medical Gazette” for 
Dec. 1, 1870, contains a short paper by Assistanf^Surgeon Dr. Hamilton, of 
the Royal Artillery, on this subject. It appears, says “ The Lancet," which 
gives a short account, as the result of his experiments on an officer, aged 
forty, of spare habit of body and nervous temperament, who was the subject 
of ague, that quinine administered in ten- and five-grain doses had the effect 
of averting the paroxysms, and of reducing the temperature about 3“ as 
determined by one of Cassella’s most delicate registering instruments. It 
had been previously suggested by Assistant-Surgeon Hall, also of the Royal 
Artillery, that quinine should be administered internally and hvpodermicallv 
in case.s of insolation; and, if we remember aright, some cases illustrative of 
the ap^rent benefit of quinine were published by him. If it be proved 
that this alkaloid has this property of reducing the temperature, its effect 
in such cases where the blood becomes super-heated may, as Dr. Hamilton 
points out, bo explained. 

A supposed Differmce of Blood between Races.—Dr. R. II. Bakewell, in a 
paper in the “Journal of Anthropology,” January, makes a series of state- 
ments which we cannot at all accept. He says, for example, he found that 
between the blood of the flesh-eating Mussulman and the Hindoo, although 
coming from the same place, there was a marked distinction. The Hindoos’ 
blood contains a much larger number of white corpuscles ; the red corpuscles 
are smaller, less numerous, not so round in outline, the edge being some- 
times almost stellate, or serrated, whilst they never, so far as his observa- 
tions went, ran together like rouleaux of coin. Now it is well known that 
this phenomenon is descrilwd, in all books on phvsiology, as a characteristic 
of healthy human blood. The red corpu.-cles of the Hindoo, however, run 
together edge to edge, but not side to side, and thus form, under the micro- 
scope, a flat mass. This often, when the patient is weakly, or has had inter- 
mittent fever, becomes a sort of “ squashy " mass. It seems as if the weight 
of the thin glass cover had crushed the corpuscles into one flat mass in 
which the separate corpuscles could no longer be distinguished. “In noting 
down my observations I was obliged, for brevity’s sake, to give a name to 
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the phenomenon of (\p:(rr**g'at'ng like rouleaux of coin ; I therefore call it 
‘nuiiimukling.’ A defect or absence of this power is found in all persons 
whom I have examined, who have been for a long time subject to malarious 
fevers." 



METALLURGY, MINERALOGY, AND MINING. 



The. Proffrees of Iron and Steel Industries. — Mr. David Forbes, F.R.S., 
the foreign secretary to the Iron and Steel In.stitute, has just published, in 
the letter’s journal, a very valuable report of the progress made both in 
England and the Contir ent during the past quarter. From this we find that 
though the Iron industries have been stopped in France by the war, yet that 
during the first half of the 3 'ear their returns were greater than last year. 
Thus : — 



1st half-year 1870 . 
1st „ 1809 . 



Cart Iron. Wrought Iron. 

Tons Ton* 

714,892 5 10, .528 

099,749 497,.S28 



15,14-3 1.3,200 



•Again, the production of steel for 
mated ; — 

Bessemer steel . 

Martin and other steel 
Total 



the first half-year 1870 is thus esti- 

Ton* 

. 25, .300 

. jy.2l!^ 

. 09,579 



The Report deals with the produce in the different countries of the world, 
such ns Germany (the different States of). North .America, the United State.s, 
Norway, Russia, Spain, Sweden, Upper Silesia. It contains, besides, 
abstracts of the more important means employed of manufacture, and is 
altogether a moat valuable e.ssay. which it is to be hoped the Society will 
continue to enable Mr. Forbes to bring out. 

Mechaaiad Properties of Steel possessing Phosphorus . — M. Gruner, Professor 
of Metallurgj’ at the School of Mines at Paris, has publi.shed in the “ .Annales 
dea Mines," 1870 ( xvii., p. .34(1), a paper on the .Mechanical Properties of Steel 
containing Phosphorus. Premising by stating that in a previous memoir 
on the Heaton process Exameii du ProcediS Heaton," Paris, 1809) he had 
sought to prove (1) when pig iron containing phosphorus, but poor in silicon, 
is refined with nitrate of soda, that, although the greater part of the phos- 
phorus is eliminated, it still retains two or three thousandth parts of this sub- 
stance, if the amount of nitrate employed be below 13 to 15 per cent, of the 
weight of the pig iron. (2) That these two or three thousandths of phos- 
phorus will render the product more or less brittle. (3) That the presence 
of the phosphorus increases up to a certain point the resistance to fracture, 
provided it be tested by a slow and grailuallj- applied force. (4) That, as 
before shown by Dr. Wedding, steel not containing more than 0D06 of 
pho.^phorus may be easilv worked cold ; goes on at lengtli into the considera- 
tion of the mechanical properties of certiun samples of steel, the testing of 
which had been conducted by Mr. Fairboim, whose results are given in a 
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comprehensive table, and, as the result of this inquiry, Professor fJriiner 
arrives at the following conclusions : (1) that phosphorus when present in 
steel in the proportion of from 0 002 to 0 003 renders it rigid and elastic ; 
increases its elastic tension and resistance to fracture, without altering its 
hardness ; hut that such steel, even if it contains hut little carbon, wants 
“ body,” and is brittle, without being at the same time hard ; (2) in order U) 
show this want of “ body,” the tests of simple traction and transverse pressure 
are not sufficient ; it requires testing by blows or shocks. (3) That soft Ues- 
eemer steel, produced from hematite, at Harrow, possesses le.ss tenacit)’ and 
elasticity, and is more brittle than the soft, or e.xtra soft, Sheffield crucible 
steels : and (4) that steels containing phosphorus are deficient in “ body," 
and that it is at present premature either to consider the Heaton process ns 
a great improvement in steelmnking, or that the steel prepared bj’ this process 
can be favourably compared with the usual Sheffield product. — Quarterly 
Report of the Iron and Uteel Indiutriee, 1871. 

A Xoivl lioUiny Mill. — In the Report above quoted from wo find the 
following interesting account. The new mill is considered a novelty, the in- 
vention of M. Roy, being the universal rolling mill erected by him at the Savona 
Works. These rolls are figured and described in the September number of 
“ II Politecnico,” “ Laminatojo a cilindri universali per la produzione dei 
ferri rettnngolari ” in which machine, by means of a movable cylinder, or 
ring, sliding ever smooth rolls, and held in position by a large screw collar, 
■working on a thread cut on the rolls themselve.s, the groove in which rect- 
angular iron is rolled may be increased or diminished in size, so that the 
same pair of rolls may serve for rolling various dimensions of iron, without 
having any grooves whatever cut in them. It would require the as-^istauce 
of an illustration to explain exactly how this arrangement is constructed, 
notwithstanding that it is of an extremely simple nature, and well adapted 
for small rolling mills; although, fur large establishments, it would most 
probably be better to adhere to the usual system of having the separate 
grooves cut in the rollers themselves. A short description of this system, 
with an accoinpa lying plate, ■will also be found, in French, given by M. 
l.emut, in the “ Revue universelle de Sliues et de la Mdtallurgie,” 1870, 
p. 250. 

A Xetv Locality for Mcneyliinite. — In PoggendorfT s “ Annalen ” (No. 11, 
1870), Herr A. Frenzel describes a locality in Germany where the mineral 
alluded to has been found by him. The mineral, on being examined, was 
found to possess a sp. gr. of 6'307. The chief constituents of this substance 
are lead, antimony, and sulphur ; in 100 ports — Lead, 63-80 ; antimony, 
18-82 ; sulphur, 17-29. 

The Rare Mineral Gahniie. — Mr. G. J. Brush describes this mineral from 
specimens in Mine Hill Franklin Furnace, New Jersey, U.S.A. He (in the 
“American Journal of Science and Arts,” January 1871) describes the 
mineralogical characters of this miueral found in a zinc mine. The mineral 
is crj-stalline ; colour, blackish-green ; hardness, 7 5; sp. gr., 4-89 to 4-91 ; 
infusible before blowpipe ; with fluxes, reacts for iron and manganese, and 
with soda on charcoal gives a zinc coating. The composition of this mineral 
in 100 parts, is — alumina, 49-78 ; ferric oxide, 8-58 ; zinc oxide, 39-02 ; 
manganous oxide, 1-13 ; magnesia, 0-13 ; silica, 0 57. This variety of gahnite 
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(so named after the celebrated Swedish mineralogist, Gahn) shows a Urp-er 
percentage of zinc than any specimen of this mineral heretofore analysed ; 
it is associated with black mica, apatite, calcite, and a brownish variety of 
chrysolite, which, on partial analysis, was proved to be a mono-silicate of 
iion, manganese, and zinc. 

The Zircont of Murii/ee, New South IfWes. — Professor S. H. Church, M. A., 
gives an account of these in a recent number of the “Chemical News.” 
He .says he lately obtained a few rounded pebbles, each weighing about 
2 grammes, for examination: they came from Mudgee, New South Wales. 
Although the specimens did not present the usual lustre of worn surfaces of 
zircon pebbles, yet their obviously high density, and the traces they re- 
tained of their pyramidal form, nearly sufficed to identify them with 
the zircon ; this idea was amply confirmed by the results of experiment. 
The Mudgee zircons present the exact tint known as hyacinthine ; indeed 
the true hyacinth or jacinth, about which such constant mistakes are made 
by jewellers, lapidaries, gem-collectors, and even mineralogists, is now an 
attainable luxury. The engraved gems and the cut stones commonly called 
jacinths (even by Dana — vide bis “ Mineralogy,’’ fifth ed., p. 27:5), are in- 
variably, so far as his experience goes, nothing but the hyacinthine garnet, 
a comparatively common stone possessed of far less interesting properties 
than the true hyacinth. The Mudgee zircons are rather dark; the colour 
is distributed stimewhat irregularh' in and uiion many of the specimens. 
When cut, facetted, and polished, this Australian zircon, if not too deep in 
colour and too large in size, presents a rich soft red colour tinctured with 
orange-brown. He was fortunate enough to secure one pale-coloured speci- 
men, which, owing to its having been judiciously cut, has turtied out .a 
stone of surpassing brilliancy and beautv. Tlie density of one of the Mudgee 
stones was 4-704. After heating, it was found to have become quite colour- 
less, although its density remained virtually unchanged, namely, 4-01)tt. In 
these and most other particulars the Mudgee .specimens resemble those of 
similar colour from Expailly, in .\uvergne. 

The Injluence of Cold on Iron and Steel Raihcay M~heeh . — This subject 
has been very largely taken up this year at Manchester, and the “ Proceedings 
of the Literary and Philosophic Society ’’ have been filled with papers which 
are some of them exact contradictions of others. The following observations 
were made by Mr. Peter Spence, at the meeting held March 10, 1871. 
After detailing some experiments, he says, his assistant then prepared a 
refrigerating mixture which stood at zeM, and the bars were immersed for 
some time in this, and they prepared for the breaking trials to be made as 
quickly as could be, consistently with accuracy; and to secure the low tem- 
perature, each bar on being placed in the machine had its surface at top 
covered with the freezing mixture. The bars at zero broke with more 
regularity than at 60°; but, instead of the results confirming the general im- 
pression as to cold rendering iron more brittle, they are calculated to sub- 
stantiate an exactly opposite idea, namely, that reduction of temperature, 
ceetens parihuK, increases the strength of cast-iron. The only doubtful 
experiment of the whole twelve is the first, and as it stands much the 
highest, the probability is that it should be lower; yet, even taking it as it 
stands, the average of the six experiments at 60° F., gives 4 cwts. 4 lb.-*, as 
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the breaking weight of the bar at that temperature, while the average of the 
six experiments at zero gives 4 cwts. 20 lbs. as the breaking weight of the 
bar at zero, being an increase of strength from the reduction of temperature 
equal to 3'5 per cent. Sir W. Fairbairn, in a paper read another evening, 
attributes the breaking of the wheel in railway carriages to irregularity of 
the action of the wheel, caused by alteration in position of the tire. 



MICROSCOPY. 

yobert't IWA Band and its Observers. — The “ Monthly Microscopical 
Journal ” for March contains an important paper by Mr. Charles Stodder. 
In it he opposes the statements of Col. Woodward, that he had not 
seen the 19th band on the instruments he asserted be had seen it with. 
He seems very fully to demonstrate his position, but probably there will 
be an answer by Col. Woodward in next month's number. 

JIoiv to Mount Objects is very well treated of, and discussed by Mr. D. E. 
Goddard, in the “Journal of the Quekett Club” for January. In the 
same number Dr. Bastian's views are opposed by Mr. Lowne, and an in- 
genious neutral-tint selenite stage is described by Mr. W. .\ckland. 

The Laryest Angle of an Immersion Lens. — Mr. Wenham, writing in the 
“ Monthly Microscopical Journal ” for January, says that the same optical 
law that limits the aperture of any object-glass to near 82° in a balsam- 
mounted object also determines the angle in the lens at which the rays 
diverge after being refracted from the plane surface of the front. This can 
never exceed 82° in a dry objective ; nor can it be greater on the immersion 
system, where an interchange of front adapts it to both conditions, as the 
very correction which necessitates the form of the back lenses and their 
diameters will not transmit a greater pencil ; and therefore, if the front is 
immersed in balsam for the purpose of viewing an object placed therein, 
this angle of 82° or less, as the case may be, instead of converging at 170° 
as from the dry lens, is continued right to the object, supposing the refrac- 
tive index of the front and balsam to be the same, which they are nearly. 

IViycocyan. — Mr. T. Charles White htis described to the Royal Micro- 
scopical Society how this substance came to be developed in a bottle of 
fluid collected in the round-water at Kensington Gardens, and left aside. 
The following are the author's words: — “Not thinking this worth ex- 
hibiting to my friends, I screwed down the top of my Y’ork bottle, and 
stood it on the window-ledge inside ray room, and it was there forgotten 
for about a fortnight, when, by chance looking up at it, I saw that the 
green flocculent matter had descended to the dead level of some yellowish- 
coloured mud, but for about a quarter of an inch above it was a layer of 
the deepest richest indigo blue I had ever seen. Taking it down carefully, 
so that no disturbance of it should take place, I looked at it by reflected 
light, when it was a rich crimson lake. I then remembered the dicbroic 
fluids I had seen here, and made a careful examination.” This examina- 
tion, however, does not throw more light on the subject. 

Brouminy's Microscope Lamp, which has been made since our last issue, is 
one of the nicest instruments we have seen. Not only is it complete op- 
tically, but it is admirably handy, packing into a small case, just six inches 
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hifh br three inches wide. It U an instrument which no one who works at 
the microscope should be without. The following is the account of it given 
by the maker, and we can fully bear out its accuracy : The metallic chimney 
being telescopic occupies a very small compass; the condenser tits into the 
cell in frout, which is also provided with plain and tinted glass for correct- 
ing the colour of the flame. The re.servoir is of brass, and will contain suf- 
ticieut petroline for six hours' consumption. The entire lamp titting into 
the case from the top, escape of the oil is prevented. In trimming the lamp 
cure should be taken that the wick is perfectly dry, and the petroline of 
goal quality; also that none of the oil gt;ts upon the metallic chimney or 
reservoir, or a bad smell will be given off until the oil is burnt away. In 
using the lamp it will be found convenient to slightly incline it, so as to 
bring the broad surface of the flame more parallel with the surface of the 
mirror of the microscope. When it is necessary to re-line the chimney, 
screw olT the sliding portion, wa.sh out the old lining, and re-coat it with 
superfine plaster of Paris. When dry it will be found ready for use — a few 
minutes will be found suflicient to do this. 

The American JuurnaJ of Microscopy is. so far as we have seen, a most 
inferior Journal of general natural history. It is many miles behind “ Science 
Gossip ” in point of matter. However, it may improve. 

The Aerucvtti.tco/)e . — This name bus been applied, we imagine, by Dr. 
Muddox. Through this instrument he collected the various germs which 
have been floating in the air for months. Some of the fruits of his re- 
search have been figured in two plates in the “ Monthly Microscopical 
Journal ” for February, but as yet a great number of the specimens obtained 
by him with the above instrument and figured in the Journal, are un- 
named. 



riIOTOGK.\PHY. 

Xetr Lens . — A new lens, of which great things are reported, has recently 
been brought out by Ross. Including the full pictorial angle of view, it 
possesses the further advantages of being quite free from distortion, work- 
ing with great rapidity, and having so much sharpness that a figure which 
was taken in the foreground of a landscape has l>eeu magnified up to a large 
size, the magnified photograph being quite sharp enough for pictorial efl'eet. 
With a lens of this kind the timrist photographer has a great power, viz. 
that of being able to select and magnify any desirable object in the negative 
taken by him during his journeyings. 

JVAct Cameras . — The advisability of using very small cameras for land- 
scapes has been much discussed in photographic circles during the past two 
or three months. It is well known that from a very small negative an 
enlarged print may be obtained, the degree of enlargement depending u;>on 
two things — the nature of the deposit that forms the image in respect of its 
fineness imd delicacy of gradation, and the sharpness of the picture. Xow, 
in consequence of an inexorable law in optica, it is impossible to obt.ain 
definition of the highest class over more than a very small space in the 
centre when a flat plate is used on which to take the photograph, for in 
flattening the field of a lens intended to work with a large aperture an 
amount of ostigmation is introduced which is quite fatal to sharpness. Now, 
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astigmation can only be reduced within the necessary hounds by allowing 
the pencils transmitted obliquely through the lens to be brought to a focus 
nearer to it than can be done on a flat plate; hence the attention of opticians 
is now being directed to the production of portrait-lenses for working on 
cttrveti instead of flat-glass plates, the advantage of this arrangement being 
that a landscapist can thus obtain a small but exceedingly sharp picture 
with an instantaneous exposure, and that an enlarged print of great dimen- 
sions may be obtained from a very small negative of this class. 

Reproduciny faded PrinU . — At a recent meeting of the Photographic 
Society a successful method of reproducing faded photographs was com- 
municated by Mr. Pritchard. The faded print, having been first of all 
removed from its cardboard mount, is saturated with wax, so to render it 
more transparent. It is now superposed on a plate of glass coated with 
collodio-chloride of silver; this coating is rendered more sensitive by being 
fumed with am.'nonia previous to exposure to the light. After being 
printed, tbe image on the glass plate is strengthened by being washed over 
with an intensifier composed of 

Gallic acid ... 75 grains 

Glacial acetic acid . . 2 drachms 

Acetate of lead ... 60 grains 

Distilled water ... 20 ounces. 

A little silver solution is added to this mixture where great intensity is 
required. By using this plate as a negative, prints may be obtained which 
are gfreatly superior to those from which the negative was produced. 

The late Rev. J. B. Rende, R.R.S . — -\s one of the early photographic 
experimentalists, this gentleman was much esteemed. Ilis death, which took 
place on December 12, removes from amongst us the last but one of the 

“ fathers of photography.” He was the first to employ gallic acid as a 

sensitiser in photography, and by its agency in connection with silvered 
paper he, in IS.*!?, obtained enlarged views of minute objects by the agency 
of the solar microscope. He was also the first to publish the use of hypo- 
sulphite of soda 08 an agent for fixing photographs. 

Artificiai Liyht for Photoyraphic EnlargemettU. — Dr. Monckhoven has 
published the method hy which he prepares magnesian blocks for producing 
an intensely actinic light by the oxy-hydrogen burntr. His artificial 
magnesia is thus made ; — Mix four pounds of English caustic, or calcined, 
magnesia with two pounds of carbonate of magnesia, add one pint of water, 
and knead them into a tough uniform dough. This dough is put into an 
appropriate box and pressed into a compact mass ; after which cut it in 
equal parallelopipedic pieces, and dry them for a few days in an oven, and 
afterwards make them red-hot for about half an hour. 

IWeerciny the Purity of Sensitive Paper . — The following method is recom- 
mended by an American writer, by which he says he can retain his sensitive 
paper for several days in good condition. To a bath composed of one ounce 
of silver to sixteen ounces of distilled water, he adds a few drops of liquor 
ammonite followed by an ounce of nitrate of ammonia. t>n this bath the 
paper is floated for one minute ; it is then drawn over the sharp edge of the 
dish for the purpose of removing all the surface solution, and is laid, face 
downward, on a quire of bibulous paper, covered by a couple of sheets of 
the same paper. Friction by the hand causes all the superfluous silver to 

Digitized by Coogle 




222 



POPCLAR SCIENCE RETIEW. 



be removed from the sensitised sheet, which is then hung up to dry, and the 
SHiiie operation is repeated with others, the lower sheets of bihulous paper 
not requiring to be renewed until many sheets of serndtive paper have been 
prepared. 

JNew yVeserro/iVc /or Dry VUdet. — Mr. Carey I.ea has found that the 
well-known deveh'ping agent, pyrogallic acid, also acts the part of a pre- 
e«'rvativo for dry collodion plates, giving a greater degree of sensitiveness than 
nio.st of the preservative.s now in use. After many experiments, he recom- 
mends the following os being the best way to use it : — .\ stock solution is 
prepare<l containing one ounce of pyrogallic acid to eight ounces of alcohol ; 
and of this, which contains rather under sixty grains to the ounce, a half 
fluid drachm is added to eiglit ounces of water in which has previously 
been dis.solved eighty grains of gum arabic and eighty grains of white 
sugar. It is better that the pyrogallic acid be added to the other solution 
just before using. This, in the estimation of the inventor, forms the best 
and most convenient preservative for dry plates hitherto introduced. 



PHYSICS. 

Thf Betffmer Flame teen with Coloured Glattet and the Spect rotcopr . — The 
“Chemical News" of January 20 contains a paper on the.se subjects hy 
Mr. J. Spear Parker. With regard to the flame he says, the combinations of 
glasses used by Mr. Rowan and Professor Silli man for observing this flame 
are somewhat similar in their effect, the two light yellow in the one case 
being nearly equivalent to one dark yellow in the other. The combination 
he used whs one cobalt-blue glass of rather light shade, and one amber- 
coloim.‘d ; too deep a blue he thinks should bo avoided, otherwise the dame 
merely shows varying shades of crimson. The appearances observed were 
similar to those recorded by Professor Silliman. On first turning on the 
blast, the flame appeared of a reddish-orange ; after the lapse of a few 
minutes, this gradually changed to crimson, first in flashes, afterwards con- 
tinuously ; the sodium line appearing in the spectroscope at exactly the .“ame 
time, and corresponding also to the flashes ; after a few more minutes had 
passed, the flame altered to yellow, and, at that time, the characteristic Bessemer 
spectrum appeared, flickering at first, like the sodium line ; when it became 
steady, the flame, when viewed through the coloured medium, apjveared to 
consist of a sheath of a light yellow colour, the inner cone being rose-red, 
while the upper part of the flame was edged with crimson ; this appearance 
was maintained throughout the rest of the decarboni'ation, only varied by 
occa>ional flashes of a deejver red, or of a greenish hue. When the terrai- 
naliivn of the reaction was attained, the flame, after a few premonitory 
fhashes, changed again to the crimson colour. The appearance of a crimson 
ring round the mouth of the converter he is inclined to attribute to irradiation. 

Indian rendidnm Experiment. — Col. Walker, Superintendent of the 
Trigonometrical Society of India, has written to the Royal Society to say, 
that he proposes that Captain Basevi should proceed from Katachi to 
England, taking observations en rmdent Aden and in Egypt, and bringing his 
operations to a close by a .series of observations at the Greenwich (Ibserva- 
tory, if the Astronomer Royal has no objection. He mentions the Green- 
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wioh rather than the Kew Observatory because the true time can be obtained 
there from the astronomkal clocks, whereas at Kew it can only be obtained 
by observation ; and if (as is probable) Captain Basevi arrives in the winter, 
pendulum-observations taken at Kew would be greatly delayed, as happened 
when the operations were commenced at Kew. Moreover, Greenwich 
appears to have been employed as a reference station for pendulum-observa- 
tions more frequently than Kew. 

Elevti o-mutii-e Force. — Wo desire to direct the attention of those who are 
interested in this subject to a series of papers, one of which is published in 
the “ Chemical News,” January 0, written by the Rev. W. ilighton, M.A. 
The author’s ob.servations are too long for abstract, but they certainly tend 
to prove that there is no ordinary mechanical law applicable to ele<-trical 
force. In other words, he goes in against the doctrine that only a detinite 
amount of work can be obtained from a definite amount of chemical change, 
and he seems to us to prove his case clearly. 

T/te Ftuibility of Platinum-wire by the Bloicpipe. — Mr. E. J. Chapman, of 
Toronto, Canada, does not think much of Dr. Skey's supposed discovery of 
the fusibility of platinum-wire recorded in our last. He says : “ If Dr. Skey 
will look in Plattner's ‘ Probirkunst,’ p. 10 of last edition (p. 14 of third 
edition), he will find the following statement: ‘When it is desired to test 
whether it is possible to produce a .'uHiciently strong oxidising tlniue, it is only 
riMjuired to try to fuse the end of a platinum-wire of a thickness of OT mm. to 
a globule. The wire is bent for this purpose at a right angle, and the shorter 
bend Ls so held in the outer dame that the a.xis of the wire exactly coincides 
with the axis of the blowpipe- dame, care being at the same time taken that 
neither wire nor dame vibrale. With strong and really gixxl dame a globule of 
molten platinum is very stion formed, and this globule will be the larger 
according to the greater strength of the dame.’ A similar method of show- 
ing the fusibility of platinum by the blowpipe is given by Dr. H. O. Lenz, 
in his ‘ Lbthrohrschiile ' (Gotha, lk48), and Bruno Kerl, in his handy little 
‘ I^eitfaden,' refers also to the fusibility of dne platinum-wire by the blow- 
pipe-dame. Other piibli'hcd statements of this well-known fact might 
likewise be quoted.” — Chemical \ew» (January). 

Duration of Liyhtniny Flashes. — Mr. O. N. Rood has been carrying out 
researches on thi.s subject, and the result of his experimeuts is that the dura- 
tion of da-slies of li:fhtning, as observed by him, and measured by means 
fully described in this memoir, during a violent thunderstorm in .August last, 
amounts, in round numbers, to about l-.IOOth of a second, the average length 
of the streak being SP. — American Journal of Science and Art. 

Water Supply to Towns. — Herr E. Grahn has published a paper in the 
“Journal fiir Gasbeleuchtung ” (December), which is a portion of a lecture 
given by him before a meeting of water-works engineers, held at Hamburg 
last May, and contains, apart from matters strictly relating to the engineer- 
ing part of water supply, a very excellent account of the origin of water in 
nature, of its \ arious functions in the three kingdoms of nature, and on the re- 
quisite qualities of water intended for domestic use. — See also Chemical Netcs. 

The ConstiUdion of the Sun. — This paragraph should be in our Astro- 
nomical summary, but as it is not there we insert it here. It relates to M. 
Zdllner’s recent paper in “ PoggendorlTs Anualen ” (No. 11, 1870). This 
essay, says the attract in the “ Chemical News,” illustrated by a series of 
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very IxmuJifiiUy executed chronio-lithograplis, ie, a« regards its contents, 
entirely of nn algebraical character. The author deduces, however, from his 
investigations the following condensed results : (1) The absence of the lines 
of some element in the speelrum of a self-luminous bt>dy (star) does not 
prove the absence of this substance. (2) The layer in which the inversion 
ot the spectrum takes place differs for every body, and that layer is placed 
the nearer to the centre of the slar according to the greater vapour density 
and eniirsive power of the substance which yields the spectrum. (3) This 
l.-iyer is, crrterit jKtribut, nearer to the centre of different stars according as 
the intensity of the gravitation thereof is greater. (4) The distances of the 
layers of conversion of the simple bodies (emitting spectra) from each other, 
as well as from the centre of the stars, increase with nn increase of tempera- 
ture. (6) The spectra of different stars are, jxtribm, the richer in 

spectrum lines according to the lower temperature and the greater mass of 
the stars. ((5) The great difference observed in the intensity of the dark 
lines of the solar spectrum and that of other fixtal stars does not simply 
depend upon the difference of the p«)wer of absorption, but also upon the 
difference of depth wherein the inversion of the respective spectra takes place. 

A Tvpoifrnphiral Surrrt/ of ihr. HoKaian Islundt ha.s been ordered by the 
Legislatim* of the Islands, says Sillimaii's “American Journal” (January), 
and an appropr'mtion of f~>,000 made for procuring instruments and meeting 
the e.xpensi's of the first year. Professor W. D. Alexander of Oahu has been 
appointed Surveyor-General, and is making arrangements for commencing 
the work. He proposes to measure a base line on the sandy isthmus 
between E.ast and West Maui, which is six or seven miles wide, and to carry 
forward the survey as nearly as possible after the methods of the U.S. Coa.«l 
Survey. Geological and botanical collections and observations will be made 
in connection with the survey. 

77uf S/x dnim of the Aurora Oorealu . — This has been well investigated by 
Mr. John Urowning, who gives his results in the “ Monthly Notices of 
the Royal .Astrononiical Society” (November 11). During the display of 
the .Auroia Rorealis which occurred on the evenings of October 24 and 2.5. 
he confined lii.s attention to observing the spectra of the light, taking it in 
different parts of the sky. When the spectroscope was directed to the more 
luminous portions, which were generally of a silvery white, the spectrum 
appeared to consist of only one line. He could not succeed in verifying the 
position of this line ; but it api)eared to he situated between D and E in the 
spectrum. When observing the light of the red portions of the sky, a faint 
red line beeame visible. He had no means of verifying the position of these 
lines with any degree of exactitude; b\it he wa.s able to throw into the field 
of view a faint continuous spectrum from a distant light, and also the bright 
yellow sodium-line produced by a sjiirit-laiiip. The colour of the green line 
was very ('eculiar ; had he not been able to observe it by comparison, he 
could not have formed any idea of its position. It was an exceedingly light 
silvery green, or greenish-grey, and often seemed to dicker. Besides the two 
lines particularly described, he occasionally suspected others, one in the red 
and one in the blue ; but he could not be at all sure of this. The colour 
of the li;iht of the aurora aeen over the greater portion of the heavens 
resembled exactly that of the discharge of electricity from an induction-coil 
through a vacuum formed from atmospheric air. 
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ZOOLOGY AND COMPARATIVE ANATOMY. 

The Cnutarea of the Ouf Stream . — Those of the Gulf Stream and of 
the Straits of Florida have been reported on by Pourtales. The Brachyura 
have fallen to the hands of Dr. W. Stimpson, who describes them in the 
“ Bulletin of the Museum of Comparative I^olog-y,’’ vol. ii. number 2. In this 
important paper Dr. Stimpson gives a full list of the Bra<;hyura collected by 
the Coast Survey dredging expeditions of 1867-8-9. Eighty-one species, 
representing forty-seven genera, are mentioned, and fifty-two of the species 
and nineteen of the genera are described as new. More than half the species 
belong to tlie Maividea, while the Ocypodoidea are represented bv only two 
species, both of them belonging to the Carcinojdacidee. Only a small pro- 
portion of the species are from great depths, and the number of new forms 
seems largely due to the thorough exploration of the shallower waters. 
But fifteen species are recorded as coming from below 100 fathoms, and of 
these eleven are Maioids, and the other fotir are Cancroids — a IHlammu, two 
species of Bathynecte^ (a new genus allied to Porlunun), and a species of 
Acheloiis. The greatest depth at which any of the species were found is l-V) 
fathoms ; and it is quite remarkable that the only species from that depth 
were Portunidre — one of the species of Bathynectes and the Acheloiis. 

The Life-History of Monads . — One of the ablest and longest papers we 
have seen on this subject and in English, is by Dr. Henry Fripp, in the 
“ Proceedings of the Bristol Naturalists' Society.” It is very long, and refers 
to a plate, but there is none accompanying the paper. It is to bo hoped that 
it will be properly published before long, with the plate accompanying it. 

The RepresenUition of the Melohntha ndyaris in Canada — Mr. Ritchie, 
writing in a late number of the ” Canadian Naturalist,” says that the Melo- 
lontha vtdyaris of Europe is represented in Canada by Lachnostema fisca, 
commonly called the May bug. In reference to the appearance of this 
creature, we may state that it occurs in immense numbers every three 
years; at least, such is the experience since 1855. The years 1858, 1881, 
1864, and 1867 are those when this insect appeared in greatest numbers. 
It must not be inferred from the above statement that no examples of these 
insects occurred in the intervening years, for it is always a common species 
in Canada. But there are years when certain species prevail in such 
numbers as to be noticed by everybody. One reason why the cockchafer 
should be tri-yearly may be owing to the circumstance that it remains in 
the larva state for three years. Here, then, an opportunity occurs for 
testing some of the alleged practical uses to which these insects may be 
put. 

Crustacea of the genus Libinia . — In the Philadelphia Academy of Sciences 
(“ I'roceedings,” Sept.) Mr. T. Hall Streets states, in respect of the above, 
that much uncertainty has existed with regard to the identity of certain 
species belonging to the genus Libinia. Libinia dubia, ever since it was 
first established by Milne Edwards, has been regarded as a doubtful species. 
In the description of it by Edwards, he states that it resembles L. canalicu- 
lata very much, and that it is not improbable that it is the young of that 
species. Naturalists in this branch of science down to the present time 
appear to have accepted this statement os the truth. De Kay, in his 
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“Natursl IIi*tory of New York," states that the “younper individuals, one to 
four inches in length, are more pyriform in shape, are entirely covered with a 
dense, downy hair, and the spines are not so prominent as in the adult. In 
this state he supposes it to be the L. dttiiia of Edwards. Gibbes, in an 
article in the “ Proceedings of the American Aasociation for 1850,” regards 
the two species as distinct, but says that no absolute characters can be indi- 
cated by which they may lie separated. He does not know how to account 
for this prevailing ignorance, as the characters existing, separating the two 
species, are so plain. He then goes on to give the special characters, which 
we must omit. 

Are the Brachiopods Annelid* f — This question is asked and answered by 
Mr. E. S. Morse in a latenumher of the “American Xaturalist.” He replies 
at great length to Mr. H. Dali, who takes a ditl'erent view. The paper is 
too long and too vaguely written for an abstract. 

.Vnc American FuJiri. — Professor E. D. Cope says that a number of inte- 
resting additions to the ichthyological fauna of the United States having 
been sent to the Museum of the Academy of Natural Sciences by his fellow- 
member Samuel Powell, he places them on record for the convenience of 
ichthyologists. Several of the specie.s, it will be observed, were new to 
science at the time they were received ; some of them have been described 
by Professor Gill. Most of these are of West Indian affinity, some being 
simply well-known species of that region, which have wandered, as has bt'en 
suggested hy Gill, along the Gulf Stream, and turned aside on the southern 
coast of the New England States. 

A Mew lotion fur the Xematoid Jf'urm*. — Mr. l.owne, who recently 
read a very valuable paper before the Iloyal Microscopical Societv on the 
above subject, concludes that it i.s apparent that the Nematoid worms 
stand in a clearly intermediate pixsition Ix'tween the Echinodermata and 
Annelida. The water vascular system with iU vesicles reminds one strongly 
of an Echinoderm ; the pharyn.v, the pharyngeal teeth, and segmented inte- 
gument are clearly those of an .Annelid, whilst the nervous system is more 
nearly like that of the earthworm than that of an Echinoderm. In Gordius 
he thinks there cau be no doubt of thi.s, where there is but a single ventral 
cord. He cannot agree with Dr. lla.«tian’s view that the Nematoid worms 
are moiv nearly allied to Echinoderms than to Scolecida, although he must 
think much credit is due to him for having first pointeil out strong affinities 
with the Echinodermata — not stronger affinities, however, than those known 
to exist between Nemertids and Echinorlerms. 

Intert Scale*. — Mr. S. J. McIntyre, who may be said to have given the 
greatest amount of attention to the subject in this country, lays down the fol- 
lowing conclusions in a paper published in the “ Monthly Microscopical Jour- 
nal ” for .lanuary. 1. That the principal structural feature in insect scales is 
corrugated membranes— a plan insuring the maximum amount of strength and 
elasticity with the miuimum of weight. 2. That there are a few scales having 
one surface hackled. 3. That the ornamental requirements of scales are ful- 
filled either by iridescence or the possession of pigment granules in or upon the 
membranes. 4. That the beaded appearances seen in scales ore due to the 
following causes, either singly or collectively ; — a. Corrugations taking the 
form of hemispherical embossings ; b. Pigments ; c. Shadows of projections, 
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or folds in the membranes, either within or beyond the focus of the object- 
glass. 

SUavghter of Tmgxtini and Seah . — The “Journal of Applied Science” 
(Nov.) gives an account of this, as conducted in the Falkland Islands. During 
the whole of August and beginning of September large and countless flocks 
of penguins come from all directions to the Falkland Islands, and where 
they alight the ground is literally covered with them. This periodical 
migration is for purposes of reproduction. The people who make a business 
of killing these birds for their oil, proceed about this time in schooners 
capable of weathering the storms that are so common at this season. 
Besides a small crew, these schooners have on board a “ copotar,” with a 
gang of from twelve to fifteen men. Their only arm is a short stick. On 
the island to which they repair they find a rough kind of furnace that has 
been used the previous year, and which seems to heat one or more iron 
boilers, each of which is capable of holding as much as 250 gallons of oil. 
These islands are leased from the Colonial Government for five years at a 
small rent, and every exporting house has several rookeries, which are 
respected by the rest. The penguin-hunters are generally at their post 
before the arrival of their intended victim.s, and when these arrive and 
drop on the ground by millions, the men go among them and commit great 
havoc upon the tired birds, heaped together, whose wings are intended more 
as helps to swim than to fly. After the lap.se of five or six hours of 
inces.sant slaughter, the “ copotar ” and his men generally have got enough 
of birds for one night’s boiling. Each man immediately picks up a cer- 
tain number of the dead birds, and begins to skin them. This operation is 
done by making a cut in the belly, and, with a peculiar knack, the whole 
skin, with feathers and all, comes oflT the bird at one pull. The account 
goes on further, but space will not permit us a longer abstract. 

Abdominal Antennte of Imeiis {Sense Organe). — Mr. A. S. Packard, jun., 
writes on this subject in the “American Naturalist” for December. After 
referring to Dr. Anton Dohrn's paper in the “Journal of the Entomological 
Society of .Stettin." 1869, he claims himself to have noticed the structures 
as early as 18(i6. He says he has been able to detect sen.se organs (probably 
endowed with the sense of smell) in the short, stout-jointed, anal stylets of 
the cix-kroach (Periplaneta Americana), beautifully mounted by Mr. E. 
Kicknell. He has recently, after reading Dr. Dohrn’s note, observed the 
sense organs and counted about ninety minute orifices on each stylet, which 
are probably smelling or auditory organs, such as are described by Hicks. 
Mr. Bicknell has counted more carefully than he did the exact number of 
these pits, and made out ninety-five on one stylet and one hundred and two 
on the other, adding “ there were none on the under side of their append- 
ages that he could see.” They were much larger and much more numerous 
than similar orifices in the antennae of the same insect, and were .dtuated 
in single rows on the upper aide of each joint of the stylets. During the 
breedimr season a peculiar odour is perhaps emitted by the female, as in 
vertebrate animals, and it is probable that those caudal appendages are 
endowed with the sense of smell, rather than of hearing, that the male 
may smell its way to its partner. This is an argument that the broadly 
pectinated antemue of many moths are endowed rather with the sense of 
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tmielling than of hearinfi', to enable the males to smell out the females. He 
has observed the same organs in the lamella of the antenn® of the carrion 
beetles, which undouhtedly depend more on the sense of smell than that of 
touch or hearing to find stinking carcasses in which to place their eggs. 

VrofeMor Thornton' » HoUenia. — In the “ I’hilosophical Transactions” (Part 
II., IHtiy) appt'ars a paper by l’n)fe.ssor \V. Thomson “ on HoUenia, a genus 
of vitreous sponges,” accompanied with beautiful illustrations. The genus, 
however, api»ears to Professor Leidy, who writes in the “ Proceedings of the 
Philoiilelphia .\cademy” for November, to be synonymous with Pheronema 
(Pr. A. N. 8., 1808, Biolog. and Micros. l)ep. 9). A compari.son of the 
figures of HoUenia Car/yetUeri with those of Pheronema Anntt (“ .\merican 
Naturalist," 1870, 21, 22) leads him to suspect that the two are probably 
the same. 

A Xew American Locality for Cardylophora. — In the Academy of Sciences 
of Philadelphia, at a recent meeting. Professor Leidy stated that, in a recent 
visit to the Schuylkill river at Fairmount, to seek for specimens of UmatMa, 
though he had been unsuccessful in obtaining living ones within reach from 
the shore, he had found, in the same positions occupied by the former, an 
abundnnce of Cordylophora. This is the first time that he had noticed this 
interesting compound hydroid polyp in the vicinity of Philadelphia, and he 
was surprised that until now it had e.scaped his notice. Cordylophora was 
first detected by him in .Vmerica at Newport, R.I. He had not been able 
to satisfy himself that it was a dill'erent species from the European Cordylo- 
phora lacuttrit, first described by Profe.ssor Allman of Edinburgh. It 
appears, however, to be much smaller. Professor Allman represents the C 
locuetrii several inches in length, with the polyps a line in length. The 
.American is not more than half the size. As a variety it might be named 
Cordylophora A merirana. 

Pirrodina Vnlrata. — Dr. Hudson .‘ays that the moat striking peculiarity of 
this new species, which he figures in the “ Microscopical .fournal,” is the 
presence of the large transverse muscles for folding the lorica. The lorica 
is oval and nearly plane, except on its under-surface, along its major axis; 
where it carries a sub-conical case, in which lie the greater part of the softer 
portions of the rotifer. The base of tbe cone is the opening from which the 
rotatory head is protruded, and the lorica is here slit to give free play to the 
head, while the muscles close the flaps of the slit when the head is drawn 
within the lorica. At a distance from the head of about two-thirds of the 
length of the lorica, there is a circular opening through which the falst* foot 
is protruded and withdrawn. The water vascular system with three tags 
on each side can be plainly seen ; but there i.s no contractile vesicle. There 
are, however, two objects which appear to be expansions of the canals, and 
possibly answer the purpose of the contracticle ve.>icle : he cannot say, how- 
ever, that he ever saw tltem contract. 

The Chair of Xatural Hintory in the University of Edinburgh, the duties 
of which were so long and ably discharged by Professor Allman, has been 
given to Profeasor Wyville Thomson, F.U.S., until lately Professor of 
Natural History at Queen's College, Belfast. This of course creates a 
vacancy, the applicants for which are, we understand, numerous, but we 
have not as yet heard of any one being selected. 
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THE STRUCTUKE OF ROCK MASSES 
(FOLIATION AND STRIATION). 

Bt DAVID FORBES, F.R.S. 

[PLATE LXXIU.] 



I N a previous communication on this subject* the three 
structures, stratification, joints, and cleavage, were described ; 
it now remains to take into consideration the two other systems 
of parallel structure of common occmrence in the metamorphic 
and eruptive rocks, viz. foliation and striation. 

Foliution. The terms foliated rocks and foliation appear to 
have been introduced into geological nomenclature some 
twenty-five or more years ago, by Darwin, and since then they 
have met with very general acceptation by geologists both 
abroad as well as at home ; by the term foliation is signified, 
such parallel structure as makes its appearance in rock masses 
owing to the arrangement of certain crystallised minerals in 
more or less parallel lines, along which their crystals lie on 
their flat sides or lengthways, i.e. having their longer axes in 
the direction of, and not against, the grain of the rock. 

All foliated rocks come under the definition of metamorphie 
rocks, that is, rocks which subsequent to their consolidation 
have undergone a change in the molecular arrangement of 
their original component mineral {articles, which change in 
many, if not most instances, has been at the same time ac- 
companied by a re-arrangement of their chemical elements 
also. 

The subject of foliation is one of the most intricate problems 
in geology, and opinions are much divided as to the significa- 
tion and origin of these lines of parallel structure, so that, in 
the present communication, the views propounded must not 
be regarded as representing any universally accepted doctrine, 

• PoPTJLAB SciKKCE Rkvtkw for April 1870. 
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but rather as the conclusions arrived at by the author, after a 
prolonfjed study of this subject in the field and in the labf)ratory. 

Althouj'h, as before mentioned, all foliated rocks are meta- 
morjjhic rocks, these may have orifjinally been either of sedi- 
mentary or eruptive nature ; for a long time it was supposed 
that foliated structiire was alone characteristic of the so-called 
crystalline schists, until further inquiry into the subject showed 
that, Ix-sides btdng common in the crystalline or so-called 
primitive limestones, it was far from being of rare occurrence 
in many of the plutonic and volcanic eruptive rocks, abundant 
examples Ix'iug met with of foliated granites, syenites, gabbros, 
trachyt«‘S, lavas, lAc., in which a distinctly recognisable parallel 
structure is <levelo{x-d b}" the manner in which one or more of 
the crystalline mineral components are disposed in the mass of 
the ruck. 

The parallelism of foliation is not, as in the case of the 
other structure already described (stratification, joints, and 
cleavage), brought about by the formation of divisional planes 
due to the effects of purely mechanical forces, but, on the 
contrary, is invariably determined by the presence of crystal- 
lised minerals, usiially in alternating layers, very difiFerent from 
one another both mineralogically and chemically, and which, 
owing to the peculiar natiu-e (habit, or behaviour, as it has 
been called by mineralogists) of the minerals themselves, and 
to the pressure to which they have been subjected, when in 
the process of formation or crystallisation, by the weight of the 
superincumbent noass above them, most commonly assume the 
form of crystallised fobac, or of crystals developed mainly in 
the direction of one of their axes only. From this it will be 
seen that it is very easy to discriminate between foliation and 
all other parallel structures likely to be encountered in rock 
masses. If at times (as in the coal formation, for example) we 
find minor sedimentary beds, made up almost entirely of plates 
of mica, or sandstones possessing a fissile or laminated structure 
from numerous scales of mica which may be arranged in 
more or less parallel lines, a closer examination of the rock, 
and more particularly of the mica in it — using the microscope 
if necessary — will at once show, that it has lieen deposited as a 
sediment from water, as the particles will be found waterwom 
and altraded, and to present an appearance totally different 
from that of the foliae, cry.stallised in, situ, which are met with 
in the crystalline schists or other true foliated rocks. 

The simplest form of foliated rocks which occur in nature 
are those beds of crystalline schi.st, solely composed of one 
mineral, such as many of the mica, chloritb, talc, or hornblende 
schists; in these, as shown in PI. LXXIII., fig. 4, tlie rock is 
seen to be a mere aggregation of imperfectly developed crystals 
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of the mineral mostly lying, or, as it were, drawn out in one 
direction ; in fact, the metamorphism in this case appears to 
consist merely in a re-crystallisation of the same mineral pre- 
viously present in an amorphous or comminuted condition, 
without any true chemical action having necessarily been called 
into operation. When, however, instead of the beds being 
composed merely of one mineral, we find two of quite different 
nature — as, for example, mica and quartz — these two minerals, 
not being capable of reacting upon one another, except at such 
high temperatures as we have no reason to believe necessary 
for the development of foliation in rocks, usually segregate or 
separate firom one another, so as to arrange themselves in more 
or less definite or distinct alternating layers, which, if the rock 
had been contorted or crumpled up by pressure, may often 
present the most fantastic appearances ; as, for example, in the 
mica schists in Anglesea, a fragment of which is depicted in 
PI. LXXIIL, fig. 8. 

Where one of the minerals has, for example, like garnet, 
a very great tendency to assume its crystelline form, we 
often find numbers of nearly, if not quite perfect dodecahedral 
crystals of this mineral, enveloped in the foliae of mica or talc, 
which curve round them and compose the mass of the rock ; 
the crystals .of those minerals which possess an elongated 
crystalline form, like andalusite, actinolite, kyanite, rhoetizite, 
&c., arrange themselves, as a rule, lengthways between the 
layers of mica, chlorite, &c. 

Many minerals which have less tendency to take the form 
of perfect crystals, appear, as it were, to segregate oat in the - 
form of lenticular or oval nodules, arranged with more or less 
regularity in the schist ; a very perfect example of this is seen 
in the annexed woodcut, which represents a fragment of di- 

Fio. l. 




chroite schist, consisting of a mass of mica (with a little talc), 
enclosing innumerable nodules of dichroite of a whitish or 
hluish-white coloor, sometimes exhibiting the characteristic 
play of colours. This specimen is from the borders of Ong- 
steens Vand in southern Norway, where this rock extends over 
a considerable area, and as the nodules are pretty uniformly 
of about the size of a walnut, and the foliation of the mica 
hinds itself around them, the rock itself presents a very pecu- 
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liar appearance, from the immense number of the nodules and 
the regularity of their arrangement. 

The more ancient limestones, formerly called primitive, 
which are usually more or less crystalline in texture, are fre- 
quently found to be foliated with chlorite or mica (as at In- 
verary), with augite and scapolite (as in the Hebrides), or with 
spinel and chondrodite (as at Christiansand, in Norway) ; other 
minerals might also be mentioned as inducing such structure 
in the metamorphic limestones. In some instances the folia- 
tion of different parts of the same large mass of crystalline 
limestone may be brought about by minerab very different in 
character to one another, as shown in the annexed figure. 

Fio. 2. 




This woodcut represents a section of a limestone quarry, near 
Christiansand, in Norway, in which a denotes the overljring 
granite ; a, h, c, different varieties of crystalline schists in 
irregular patches; d, coarsely crystalline white limestone or 
marble; e, crystalline white limestone^ foliated by small crystals 
of augite and scapolite ; /, ditto, foliated by mica. Although 
in this section we find a somewhat confused arrangement of 
tlie different rocks, it is seen that the general direction of 
tiie lines of foliation remains constant, quite independent of 
the different character of the minerals by which they are ex- 
pressed, or the nature of the rock which they traverse. 

It must not be supposed, however, that the foliated structure 
in rocks is only developed by mineral silicates, as in the in- 
stances hitherto referred to ; on the contrary, other and most 
distinct compounds frequently make their appearance : thus 
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when sedimentaiy strata, which have originally contained car- 
bonaceous matter, have undergone metamorphic alteration, it 
not unfrequently happens that the carbon becomes converted 
into graphite, and thus gives rise to graphitic scliists, which 
sometimes assume the exact appearance of ordinary mica schist, 
composed of alternate layers of (juartz and mica ; the latter 
mineral being in this case represented by the scales of graphite. 

Metallic foliation, i.e. foliated structure developed by the 
occurrence of metallic oxides, sulphides, sulpharsenides, &c., is 
common in many countries, extending at times over consider- 
able areas. Thus we find in Scandinavia, Brazil, India, and 
elsewhere, ferruginous schists, in which the mica is replaced by 
iron glance or the micaceous form of the sesquioxido of iron. 
The quantity of oxide of iron in these beds of iron schists, as 
they have been termed, sometimes increases so much as to pre- 
ponderate over the stony matter, and form actual beds of iron 
ore often of great magnitude. In like manner we find, in 
several parts of Sweden, schists foliated with zincblende to such 
an extent as to be largely worked for zinc ore, as at Arkersund, 
Shyshyttan, Bovallen, ; whilst at Vena, in Sweden, and 
Modum, in Norway, similar schists occur (and are worked) con- 
taining cobalt ore and other arsenical compounds. 

Beds of crystalline schists, foliated or impregnated with iron 
and copper pyrites and other sulphides, are common enough in 
many countries, and especially so in Scandinavia, where, from 
the nisty colour assumed by these rocks along the line of out- 
crop, they are called fahlbands. 

\Vith regard to the origin of the crystalline schists, the 
evidence seems in favour of the view that they are merely 
sedimentary beds of sand ; arenaceous, micaceous, and other 
muds ; and submarine tuffs of eruptive origin, altered by crys- 
tallisation, or what may be termed chemico-molecular action. 
Occasionally an examination under the microscope will reveal 
the contours of the original sand grains, and in some instances, 
as Sorby has shown, the existence of still uuobliterated current 
stnicture, like ripple-drifts for example. The argillaceous 
shales and slates in some parts of Estramadura, in Spain, are 
seen to be converted into a variety of mica schist, when frag- 
ments are found surrounded by or enclosed in the granite. 
Some of the hornblende schists of southern Norway, which con- 
sist almost entirely of crystals of greenish-black hornblende, 
were long ago shown by the author to be the beds of tuff which 
had proceeded from the submarine eruptions of pyroxenite 
(highly augitic trap) in the vicinity, subsequently consolidated 
and re-crystallised in situ. 

When, in addition to the mica and quartz, felspar is also 
present in these rocks, they receive the name of gneiss, or more 
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properly mica — a rock only differing from granite in 

possessing a foliated parallel structure : an attempt to give 
some idea of this structure is made in PI. LXXIII., fig. 5, which 
is takeu from a piece of ordinary gneiss. The origin of gneiss is 
still involved in much obscurity, and there can be no doubt Imt 
that some varieties of gneiss have a totally diflferent origin from 
others. It is known that lx‘ds of true mica or hornblende 
schist, i.e. those composed only of hornblende or mica along 
with quartz, often liecome felspathic close to their junction 
with eruptive granites, so as to liecome lithologically gneiss, 
although petrologically they can only be termed felspathic 
schists, since by following up these beds they are soon found to 
lie true stdiists. 

Other and more characteristic gneiss, in which the felspathic 
element is inherent and much more prominent, has from old 
times, and with much show of reason, been regarded as formed 
from the debris of eruptive granites, due either to subajrial dis- 
integration or to their having lieen ejected into or under water, 
and thus converted into the condition of tuff, which, after 
having l)oen arranged imder water as sedimentary lieds and 
consolidated, have become subsequently crystalline by meta- 
morphic action, thereby causing them to assume the foliated 
appearance they now present. 

Whatever may be the true origin of ordinary gneiss, there is, 
however, another variety of this rock, called granitic gneiss, 
which cannot have been other than eruptive granite originally, 
in which the parallel arrangement of foliation is a superinduced 
structme, developed in it subseciuent to its solidification ; in 
fact it is a metamorphic eruptive rock, just as the ordinary 
schists are but metamorphic sedimentary beds. 

The proof that such granite gneiss was originally eruptive is 
seen in the disturbance which it has occasioned in the rocks 
through which it has broken, as also in the fragments of these 
rocks which it encloses; thus PI. LXXIII., fig. 3, is taken from 
Darwin's admirable work on the Geology of South America, 
and represents a fragment, 7 yards long by 2 wide, of dark 
coloured rock with garnets in it, enclosed in the ordinary 
granitic gneiss of the country about Rio Janeiro, both being cut 
through by a still more recent small granite vein ; fragments 
and patches of the other rocks are also seen in the granitic 
gneiss of Donegal and Galway in Ireland. 

A magnificent sect ion, several miles in length, of such granitic 
gneiss can lie seen in the naked and almost perpendicular cliffs 
on the north side of Eidsvand, a lake in the south of Norway: 
a portion of this section, elsewhere published by the author in 
1856, is represented in PI. LXXIII., fig. 1, and shows the original 
dark hoiiiblendic schists of the country broken through and 
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dislocated, whilst immense fragments of them are detached and 
enclosed in the mass of light-coloured granitic gneiss ; and, as 
fiu^her evidence of its eruptive nature, fig. 6 shows how, at 
Haukeraadalen, this granitic gneiss throws out a small vein 
breaking through the adjacent hornblende schist and possessing 
all the structural characters of true granite, and entirely wanting 
the parallel lines of foliation seen dipping invariably at a high 
angle to the east in the main mass of granite gneiss. Similar 
cases have been described by Keilhau in other parts of Norway, 
and by Scott and Haughton in Donegal. 

Even in the most characteristic eruptive granites, it is not at 
all uncommon to find portions of the rock possessing a more or 
less defined parallel structure, due to the position of the plates 
of mica in them, in consequence of which the rock, to use the 
workmen’s language, “ has a grain,” and splits more easily in 
this direction — a featmre which — as, for example, in some parts of 
the Aberdeen white granite quarries — is made use of for the 
purpose of making curbstones, &c. The lithologist, on seeing 
such stones, would describe them, and correctly so, as granitic 
gneis.s, although petrologically — that is, studied en masse in the 
field — they are true granite. In Germany the distinction gneiss 
granite has been employed for such undoubted granites as 
possess a foliated structure. 

The direction of the lines of foliation was for a long time 
regarded as that of the original stratification, and in many in- 
stances, no doubt, this is the case ; for example, in the section 



Fio. 3. 




o, a. Onlinary gneiss. ft, ft. Foliated pink crystalline limestone. 

c, c. Bands of aogitic gneiss in the limestone. 

A, A. Oranito reins, each ten feet thick. 



shown in the annexed woodcut, which is taken near Christian- 
sand, and which shows alternating beds of ordinary and augitic 
gneiss with foliated crystalline limestone, which are without 
doubt the representatives of sedimentary beds of silicious and 
calcareous nature, originally deposited by water, and broken 
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through along the planes of stratification by the two granite 
dykes shown in the section. 

Many years ago, however, attention was directed by Keilhau 
and others to the fact that the planes of foliation did not 
always coincide with those bounding the larger beds or masses 
of rock, seen to be distinct from one another by their dififering 
in mineral composition, and that they were sometimes even at 
high angles to them. The subsequent observations of Darwin 
and Sharpe proved, in very different parts of the world, that, 
so far from being identical with stratification, the lines of 
foliation over large areas were also those of cleavage ; and ^Ir. 
Sharpe, who regarded foliation as the final result of the same 
cause which induced cleavage in rocks, generalised, from ob- 
servations in Scotland and the Alps, that the lines of these 
two structures, taken together, were parts of great arches 
many miles across — an hypothesis, however, which has not 
received subsequent corroboration. In 1854 the author an- 
nounced, as the results of experimental as w'ell as field 
observations, that the foliation in rocks appeared to be a struc- 
ture induced subsequent to the consolidation of the rock, 
following the direction of the planes of least resistance in the 
rock, whether such planes were those of original sedimentary 
stratification, subsequent cleavage, or (in eruptive rocks) the 
striae of fusion ; and this view explains why the lines of foli- 
ation and cleavaige so often coincide, since, if a rock had once 
undergone cleavage and subsequently became foliated, the 
foliations would naturally follow the planes of cleavage in pre- 
ference to those of stratification, since the former w'ould be 
those of least resistance. 

It is therefore of the utmost importance that geologists, 
when observing in the field, should — especially in districts con- 
sisting of metamorphic schists and gneiss — continually bear in 
mind that the planes of foliation may not necessarily be in 
any way connected with those of sedimentary deposition, and 
that, in such districts, the only means of arriving at any 
sound conclusion as to what the probable original bedding had 
been, is by carefully studying the difference in mineral cha- 
racter of the various rock masses superposed one on another. 

What the cause of foliation may be, is a problem as yet but 
little investigated or understood. Heat (not necessarily intense) 
appears certainly to have played an im]X)rtant part, since 
foliated rocks are rarely or ever met with unassociated or at 
any great distance from rocks of eruptive, i.e. of igneous origin. 
Experiments made by the author between 1849 and 1853 
showed, when blocks of massive or amorphous soapstone were 
exposed for some months to a temperature not exceeding red- 
ness (infinitely below what would be sufficient to fuse or even 
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soften the rocks), under a slight pressure of from about seven 
to twelve pounds per square inch, that they became totally 
changed in structure and converted into an aggregate of 
finely developed crystalline foliae of a brilliant white or greenish 
colour, identical with talc ; in fact, a talc schist. Under similar 
circumstances, if protected from oxidation — as they contain 
some iron in the state of protoxide — ordinary clayslates were 
converted into rocks possessing a beautiful parallel structure, 
resembling gneiss so closely, that some of the hand specimens 
could not be distinguished by the eye from parts of the same 
clayslate altered at its points of contact with eruptive rocks 
in nature. In the first of these cases, mere re-crystallisation or 
molecular re-arrangement in the solid mass will explain the 
change ; but, in the second, chemical action also has evidently 
come into play in re-arranging the chemical elements of the 
clayslate into other mineral forms not pre-existing in the slate. 
The effect of the heat being to expand and render the pores of 
the rock more open, doubtless admits of the molecules re- 
arranging themselves and crystallising in the still solid rock, 
whilst at the same time the superincumbent pressure tends to 
force the crystals to shoot out or develope themselves in one 
direction only, i.e. at right angles to the pressure. 

These experiments, and the formation of the well-known 
Reaumur’s porcelain, show how such crystalline structure can 
be developed in solid bodies after their perfect solidification 
without any return to a fluid or molten condition ; and the 

annexed woodcut, taken from Keilhau, 
I'lo. 4. which represents an appearance in 

the gneiss of Jomfrueland, an island 
on the southern coast of Norway, can 
only be explained on the assumption 
that the direction of the lines of folia- 
tion in the I'ock (which are represented 
by the dotted lines) had been deter- 
mined subsequent to its complete 
consolidation, since it will be noticed 
that the subordinate bed of dark 
homblendic character has l)Cen dis- 
located by the fault a n, without any 
corresponding disturlance in the lines of foliation. 

In the present state of science it would be premature to say 
more as to the probable ciiuses of foliated structure; the hope 
may, however, be expressed, now so much attention is devoted 
to geological research, that the study of this interesting although 
abstruse subject may no longer be neglected. 

Striation, or that structure which is due to the presence of 
what are termed the striae of fusion, has frequently been called 
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slag, gla-^s, or lava structure, from its l)eing so characteristic 
of these sulistanees also. 

Everyone has proliably noticed the existence, especially in 
glass of inferior ipiality, of certain lines which more or less 
injure the transparency of the glass, although in themselves 
(juite tniusjKirent, In the portions of glass remaining attached 
to tlie Isttriim and sides of old or broken glass pots these lines 
are st ill U-tter seen, being commonly rendered distinctly visible 
by alternating lines or layers of glass possessing different tints 
of green with others white or colourless, and often presenting 
a parallel structure of great Injauty, esp)ocially when these lines 
are seen to l>e contorttHi and crumpled up into all manner of 
sha])es. The same structure is seen in the vitreous slags 
from iron furnaces, the colours l>eing usually shades of blue, 
yellow, green, and grey ; whilst the slags from the copper- 
smelting furnaces often show extremely beautiful alternating 
striations of a deep and black colour. 

Jn olwddian or the so-called volcanic glass, an exactly iden- 
tical stri|K‘d or banded structure is extremely common, and in 
PI. LXXill., tig. 7, which represents a piece of obsidian from the 
Lipari Islands, an attempt has been made to convey an idea of 
this app*-arance. 

This structure apjiears to be caused by the movements of 
the different parts of a viscid molten mass, wliich flow over 
one another at different rates of progression, whilst its existence 
is usually denoted by the l)ands or stripes in the rock either 
differing in colour or in the shades of some one colour. Some- 
times, especially in olisidians and traps, this structure is 
accompanied by an innumerable number of small air-bubbles 
(?gas or steam also), which, being drawn out or elongated 
from tlieir original spherical shape by the progressive move- 
ment of the molten mass, develop a parallel structure of very 
peculiar appearance. In the older lavas these cavities often 
liecome, through infiltration, filled up with carbonate of lime 
or other minerals, and thus form what is termed amygdaloidal 
trap or lava. 

When such lavas, glasses, or shags cool qiuckly, they retain 
their vitreous character and the striated structiue already 
described ; when, however, the cooling takes place very slowly, 
or when, by natural or artificial agencies, they have been again 
heated and kept so for a considerable time, devitrification com- 
mences to take place, the crystalline or stony structure develoj>- 
ing itself first along the lines of striation. In PL LXXIII., 
fig. 2, which depicts a section of a fragment of greenish 
plate-glass from the St. Helen’s works, an attempt has been 
made to illustrate the gradual development of crystallisation 
(or foliation, in other words) along the lines of striation, origi- 
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nally invisible or but faintly distinguishable, when the glass 
had been for some time exposed to a low heat in the flue of 
the annealing oven. Had this specimen been kept long enough 
in the hot flue, it would eventually have become altogether 
devitritied or converted into a crystalline stony mass (Reau- 
mur's porcelain), in which, however, the parallel structure due 
to the striie of fusion can still be distinguished either by the 
naked eye or imder the microscope, owing to the general 
direction and parallelism of the longer axes of the crystals 
which compose the mass. 

What is thus artificially produced on the small scale can 
be seen on the large scale in natiue in obsidian and otlier 
glassy lavas ; and in most volcanic countries lumd specimens 
can be obtained showing all the stages, exactly as in tlie case of 
glass. The crystals of the mineral components of the lavas 
appear first along the lines of striation, and go on forming 
until the whole mass has become devitrified and is entirely 
crystalline, and resembles PI. LXXIIL, fig. 9, which represents 
a hand specimen from the apjmrently bedded and intercalated 
lavas (which form so peculiar a feature of this part of South 
America) near the river Mauri, where it forms tlie boundary- 
line between the republics of Peru and Bolivia. In this speci- 
men the rock has lost all trace of its originally glassy or 
vitreous appearance, and having become completely devitrified, 
is seen to consist mainly of felspar ciystals along with a little 
augite, (juartz and an occasional plate of mica (a trachydolorite); 
yet, as is seen in the figure, a distinct parallel structure (due 
to the stria; of fusion) is still preserved in the rock, which, 
being the lines of least resistance in it, renders it much more 
fissile in this direction than across the grain, exactly as is 
commonly found to be the case in a normal or metamorphosed 
rock of true sedimentary origin : in fact, some of these rocks, 
which underlie conformably oolitic and other strata of still later 
age, and which show themselves for miles intercalated con- 
formably in the strata, have been mistaken for true sedimentary 
beds, and in one instance described as sandstone (which never 
could have occurred had their mineral natiue been examined), 
although they are easily traced to the active volcanoes in the 
vicinity from which they have been emitted. Even when such 
rocks are found to be extremely fine-grained in texture, the 
parallel structure due to pre-existing striation, although often 
very difficult to distinguish on the rough surface of fresh 
fracture, is commonly found to show itself very distinctly on 
the surface of the rock when weathered. 

Any geologist who has had the opportunity of studying such 
rocks in the field, cannot but consider it prolwible that the so- 
called granitic gneiss or gneiss granites owe their structure to 

milar causes. 
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In concluding these remarks on the different classes of 
parallel structure met with in rock masses in nature, the 
author would but state that his main object has been to direct 
the special attention of geologists working in the field to the 
extreme importance of studying carefully, not only the external 
contours, but the internal structure of rock masses also, in 
order thereby to avoid the mistakes which have been frequently 
committed ; such as recording as stratification planes which are 
in reality due to the effects of joints, cleavage, or foliation, or 
describing rocks of truly intnisive or eruptive nature as of 
sedimentary origin. 
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BRITISH BEARS AM) WOLVES. 

Br W. BOYD DAWKINS, M.A., f.R.S., F.G.S. 



T he lion, mammoth and reindeer, have already been dis- 
cussed from the point of view offered by palaeontology and 
archaeology. In the present essay I intend to treat of the value 
of bears and wolves in classification, and to see how far they 
throw light on the ancient physical condition of Britain. In 
the latter respect we shall find that they offer testimony to the 
state of things, which is of no small importance to the student 
of early English and mediaeval history, while in the former 
they compel us to analyse M. Ijartet’s method of sub- 
dividing the quaternary period. 

The genus bear has not been discovered in any deposits of 
greater antiquity than the pleiocene age, and is represented in 
Europe by many extinct species and several existing varieties. 
The British species are four in number : the bear of Auvergne, 
the ca^'e and grizzly, and the common brown or black l»ar. 
Each species has its own peculiar range, both in space and in 
time. The first, or the Ursus Arvemensis — the remains of which 
are preserved in the magnificent collections from the forest-bed 
of Norfolk made by the Rev. J. Gunn and the late Rev. S. W. 
King — was a creature of about the same size as the common 
European species, and armed with canines which are quite puny 
in comparison with those of the Ursus spelceus. It has not yet 
been figured or described as a British species, and its remains 
are very rare. On the Continent, however, it is, as Dr. Fal- 
coner remarks, abimdantly found in the pleiocenes of Auvergne 
and of the Val d’Amo. It has not yet been found in any of 
the German pleiocenes, nor in any strata yoimger than the pre- 
glacial forest-bed of Norfolk. We may therefore view it as a 
pleiocene carnivore of a southern kind, which ranged from 
Northern Italy, through France, as far north as Norfolk, before 
the lowering of the temperatme during the glacial epoch, in 
company with several of the pleiocene species, such as the 
Cervus ardeus, Rhinoceros megarkhms, R. etruscu^, Elephns 
vieridionalis, and Trogonthermm Cuvieri. The whole group 
of animals besides the above, associated with the Ursus A^'ver- 
nensis in Britain, is as follows : — 
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MlffjaU Moschata. The musk-shrew. 

Tal/xi Europna. Tlie mole. 

CervuH Capre^luii. The roe. 

0 . Ehiphus. The stop. 

Bos priinujenua. The unis. 

II IppojMdamiis major. 

Etpiius foesilis. The horse. 

EIrpkas untupivs. The narrow-toothed elephant. 

Arvicola ampkihui. The water-rat. 

Castor fiber. The l)caver. 

It is worthy of note that all the members of this fauna now 
alive are to be found in temperate regions, and there is every 
reason to believe that the extinct memliers also rejoiced in a 
temperate or comparatively warm climate. On the whole, we 
may predicate a southern range of the Ursus ArvemeTism, just 
as in the case of two at least of the other British species we can 
predicate a northern origin. It defines with as mnch sharpness 
as can 1)0 hop<Hl for in paleontology the pleiocene horizon of 
any strata in which it occurs, and p^icularly the stage imme- 
diately lefore the refrigeration of Central Europe had brought 
in the Arctic mammalia, and forced down southwards the 
pleiocene fauna of Britain, France, and Germany. 

We must now pass on to the consideration of the cave-bear, 
Ursus spdceus, the remains of which were among the first to 
be assigned to their true owners by the naturalists of the 
eighteenth century. The use of bones in medicine,* in the 

• At the preeent day the Chinese are in the habit of using' fossil-bones in 
medicine ; and -within the last few years the bone-caves of Borneo have 
been ransacked for the same purposes as the caves of the Ilartz in the seven- 
teenth and eighteenth centuries. To such a degree has this been carried, 
that up to the present time no European has been able to transmit home a 
collection of fossil mammalia from Borneo, because of the high price which 
the Chinese demand. The specimens described by Professor Owen from 
China, in the “ Quarterly Geological Journal ” for 1870, were bought by 
Mr. Swinhoe from Chinese who had collected them for physic. In the 
Chinese “ Materia Medics ” they are described under the head of dragons' 
teeth. Even human remains were commonly used in Britain in medicine 
during the seventeenth century. In the days of Sir Thomas Browne, 
“ celestial mumraice,” or pulverised mummies, was commonly imported into 
Britain from Egypt ; and it appears that oven the tumuli round .\,bury were 
not safe from the incursions of eminent doctors. 

In 1670 Dr. Robert Toope, a physician, then resident at Marlborough, in 
a letter to John Aubrey, gives a curious relation of the discovery, by 
labourers, of skeletons at this place (Abury), which, he says, had the name 
of Millfield. Dr. Toope terms the double circle a “ temple,” and dc.scribes 
it as “a largo spherical foundation, whose diameter is forty yards ; within 
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sixteenth, seventeenth, and eifjhteenth centuries, caused the 
hone-caves of Saxony and Bohemia to be eagerly explored 
by the searchers after Album fjixvxum, which in the old phar- 
macopoeias did not merely mean elephant’s tusk or hyasna’s 
coprolite, but any fossil-bone whatsoever. And as among the 
remains obtained from the caves those of the cave-bear 
were very abundant, the similarity which they bore to the 
animal living in Germany led to the recognition of their true 
nature, and they were gr^ually withdrawn from the province 
of medicine into that of palaeontology, under the name given 
to them by Dr. Goldfuss. During the latter part of the 
eighteenth and the first quarter of the nineteenth centuries 
the range of the cave-bear was gradually extended, by various 
discoverers of its remains, from Germany into P'rance, and 
lastly, by the famous exploration of Kirkdale by Dr. Buck- 
land, into Britain. It was discovered by the Rev. J. M‘Enery, 
in Kent’s Hole, and subsequently in no less than twenty out of 
the thirty-six British postglacial caves, the contents of which 
I have tabulated in the “Quarterly Geological Journal,” 1869. 

In Belgium, the limestone caverns around Liege yielded 
large quantities of its remains to Dr. Schmerling, the great 
rival of Dr. Buckland in cave-hunting. Recent investigations 
have shown that it crossed the Alps into Lombardy, and it has been 
met with also in Southern Russia. Its range in space may be said 
to extend from Yorkshire and Li^e in the north, through 
Germany and P'rance as far as the plains of Lombardy. It 
probably also found its way still further south in Italy, no 
geographical barrier intervening, although M.Cesselli’s quotation 
of it from the gravel-beds of Rome has not as yet been veri- 
fied. It has not yet been discovered in Northern Germany or 
Scandinavia, or in Northern Siberia, where the vast accumu- 
lation of fossil-bones have excited the curiosity of the most 
eminent naturalists, such as Pallas and Brandt. Its absence 

this there is another orb whose sphere is fifteen yards in diameter ; round 
about this temple a most exact playue ; and but little more than a foot under 
this superficies laid the bones soe close one by another that scul toucheth 
scuL I exposed two or three, and perceived their feet lay toward the 
temple ; and I really believe the whole ground is full of dead bodies.” He 
adds that the bones were large, but much decayed, though “ the teeth 
were extreem and wonderfully white, hard, and sound ; ” upon which he 
notes: “no tobacco taken in those days.” Dr. Toope says: “ Icame the next 
day and dug for them (the bones), and stored myself with many bushels, 
of which I made a noble medicine, that relieved many of my distressed 
neighbours.” Aubrey adds: “This was in 1678, and Dr. Toope was lately 
(16&5) at the Golgotha again, to supply a defect of medicine he hath had 
from hence.” — “Crania Britannica, Ancient British,” Kennet, vol. ii. 
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can hardly be ascribed to the fact of the fossil mammals of 
those regions having been ignored, for they have been studied 
and described with the minutest care. It is numerically most 
abundant in the caves of Franconia. The cave of Kuhloch, 
for example, which in size is equal to the interior of a large 
chiu-ch, contained, according to Dr. Buckland, “hundreds of 
cartloads of black animal dust, entirely covering the whole 

floor to a depth which would average at least six feet 

The quantity of animal matter accumulated on this floor is the 
most surprising, and the only thing of the kind I ever wit- 
nessed ; and many hundred, I may say many thousand, indi- 
viduals must have contributed their remains to make up this 
appalling mass of the dust of death. It seems in great part 
to lx* derived from comminuted and pulverised bone ; for the 
fleshy parts of animal bodies produce by their decomposition 
so small a quantity of permanent earthy residuum, that we 
must seek for the origin of this mass principally in decayed 
bones. The cave is so dry that the black earth lies in the state 
of loose powder, and rises in dust under the feet.” * Dr. Buck- 
land estimates the whole mass of animal matter in this cave at 
5,000 cubic feet, which, at the too liberal estimate of two cubic 
feet 'of matter for each animal, would involve the presence of 
2,500 Ixars. The dryness of the cave, and the freedom of the 
animal matter from loam or other admixture, call to mind the 
condition of the Egyptian sepulchres rather than an ordinary 
lx)ne-cave ; and, so far as I know, have been observed only in 
this particular instance. In the rest of the German caves, as 
in the English, the animal remains are embedded in a red or 
grey loam or sandy clay, introduced either by streams or from 
the gradual drip of the water from the roof. The enormoius 
preponderance of the remains of cave-bear over those of the 
associated mammalia proves that Germany was the head- 
quarters of the cave-bear, whence it may be said to have 
passed to the south and to the west, but not to the north. 

The value of the animal in classification, and its range in 
the geological past, are questions of considerable difficulty, 
which demand a most careful analysis. On the Continent it 
has not, as yet, been recognised among the animals from any 
pleiocene strata, and in our own country it has been obtained 
only from one deposit of pre-glacial age, namely, the Lacus- 
trine deposit at Bacton on the Norfolk shore, which underlies 
the hjulder clay. During the post-glacial epoch it was asso- 
ciated with tlio mammoth, reindeer, cave-hyajna, and cave- 
lion, and the whole suite of animals which compose the fauna 
of the period. Its remains are, however, distributed very un- 

• “ Reliquiie Diluvinnse.” 
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equally, being found only in the British caves, and not in the 
river deposits, which were probably of the same geological 
date. This p»eculiarity of distribution may be attributed to 
the habit of living in caves which characterised the creature, 
in common with the hyaena, and not, as M. Lartet supposes, 
from the creature not being here at the time the river-deposits 
were accumulated. But, however this may be, the creature 
passed away from France, Germany, and Britain at the close of 
the quaternary or post-glacial age, and probably also from 
North Italy, since the occurrence of its remains in a cave which 
furnished also a polished stone-axe and pottery does not 
necessarily imply that it lingered there as late as the Neo- 
lithic age. Thus we have evidence tliat it appeared in Eiuope 
just before the glacial epoch, at tlie close of the pleiocene, 
and increased and multiplied during the postglacial or quater- 
nary age, at the close of which it became extinct. 

Thus far the evidence of the geological range of the animal 
is plain enough, but the eminent French palaeontologist, whose 
loss is so much to be deplored, hi. Lartet, has attempted a 
scheme of classification by means of the cave-bear and other 
animals, which, as it seems to me, has been accepted by natu- 
ralists without sufficient grounds. He divides the quaternary 
series into four periods : “ L’age du grand ours des cavemes, 
I’age de I’elephant et du rhinoceros, I’age du renne, et I’age de 
I’aurochs.’ The very simplicity of the system has made it 
popular. You find a cave- bear, and at once you have a date 
for the deposit in which it occurs ; you find an aurochs, and at 
once assign the stratum to the latest stage of the quaternary. 
Unfortunately, however, there are two objections, either of 
which is fatal to this mode of classification. In the first place, 
nobody could expect to discover the whole quaternary fauna 
buried in one spot. One animal could not fail to be better 
represented in one locality than in another, and therefore the 
contents of caves and river deposits must present some variation. 
The den of a hyaena could hardly be expected to contain exactly 
the same animals as a cave which had been filled with bones by 
the action of water. It therefore follows that the very diversity 
which M. Lartet insists upon as representing different periods 
of time must necessarily have been the result of different 
animals occupying the same area at the same time. In the 
second place, M. Lartet has not advanced a shadow of proof as 
to which of these animals was the first to arrive in Europe. It 
is imdoubtedly true that they, died out one by one, and it is 
very probable that they came in also gradually. The fossil 
remains from the English caves and river deposits — as for 
instance those of Kent’s Hole, or Bedford — prove only that the 
animals inhabited Britain at tbe same time, and do not in the 

TOL. X. NO. XL. 8 
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lea^t dejj^oe warrant any speculation as to which animal came 
here first. When the French and Bel<pan naturalists have 
tahulate<l all the animals found in their respective coimtries, 
the}’ may fjenenilise freely about the absence, or presence, or 
preponderance, of certain species. Up to the present time thh 
has not even iK'cn attempted by any writer on the subject. In 
the caves of Britain — stich as Kent’s Hole, Wookey Hole, Kirk- 
dale, and the rest, which may be seen in my table of distribution 
( Britinh Pont-Glaeial Mamnutl-o, “Quarterly Geological Journal,’’ 
1869) — the cavt»-lK'ar is iissociated indifferently with aU the three 
animals which M. 1-artet selects as being of classificatory value. 
In a word, all that we i^an safely say of the post-glacial range of 
the cave-ls-ar is that it is found in a great many of the caves in 
such association with the other mammalia that it cannot be 
considered characteristic of any of the stages into which the 
post-glacial age has lieen arbitrarily divided. We cannot tell 
from what area it migrated into Europe ; but, ftom its known 
range over the central and southern portions of the Continent, 
we may assume that it came from a comparatively temperate 
region, and not from the present home of the reindeer or musk- 
sheep. It very probably came from Southern Siberia. If, 
indeed, we allow that the severity of the glacial period began 
in the present northern regions, and gradually increased, the 
arctic mammalia would gradually encroach on the temperate 
zone, and compel the dwellers in that zone to retreat further 
and furtlier southwards. The necessary result of the glacial 
cold would be a boulversement of geographical provinces, such 
as we find at the close of the pleiocene, and during the post- 
glacial age. If this view be accepted, the presence of the 
cave-bear in Britain at the close of the pleiocene mav be 
ascribed to the increase of cold in the northern regions. 

The grizzly liear, ferox, has been proved by Professor 

Busk to lie identical with the species described by Dr. Goldfuss 
under the name of Ursm pri^eu8,ax\(Ma comparatively common 
in the British post-glacial caves and river deposits. It occurs 
in the lower brick-<!arth deposits on both sides of the Thames, 
at Cra}-ford in Kent, and Ilford and Grays Thm-ock in Essex, 
along wdth Elephaa arUiquns and the inegarhine species of 
rhinoceros, and is more abundant in the British caves than its 
spelajan congener. On the Continent its remains are found in 
tiie caves of Belgium and Germany, and in France it has been 
described by M. Lartet under the name of Uraus Bourffui- 
(jnatl. It also probably occiu-s in Italy, according to the 
opinion of the late Dr. Falconer.* Its range in Europe, there- 
fore, may Ije said roughly to coincide witli that of the cave- 

• “ PalffiontographicaU Memoirs,” vol. ii. 
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bear. It h:v8, however, not been found in any pre-glacial 
deposit north of the Alps, but is strictly a post-glacial creature 
in France, Germany, and Britain. Like the cave-bear, it 
vanished away before the dawn of the pre-historic age. At 
the present day, according to Sir John Richardson,* it inhabits 
the region of the Rocky Mountains and the plains lying to the 
eastw’ard, as far north as latitude 61°, and, according to Lieut. 
Pike, as far south as Mexico. It must have retreated to its 
present abode by the same route as its arctic fellow-inhabitant 
of Great Britain in post-glacial times, the musk-sheep, east- 
ward over the great plains of Siberia, and over the straits of 
Bheering. The massive skulls of the musk-sheep scattered 
through the post-glacial strata of France, Germany, and Russia, 
and preserved in the frozen gravels of Northern Siberia, and 
lastly, in the ice-cliff in Eschscholtz Bay, on the American side 
of Bheering’s Straits, point out unerringly the continuity of 
land, and the direction in whicli the migration took place. 

The common European bear, Ursics Arctos, is the fourth and 
last of the species which have inhabited England during the 
geological past, and it is of considerable interest, because it is the 
largest of the post-glacial carnivores which can be brought into 
relation with our history. It occurs but sparingly in the post^ 
glacial deposits of Great Britain, and was by no means so 
abundant as the two other post-glacial species. It has not yet 
been discovered in any pleiocene deposit, nor has it excited the 
attention of the foreign palaeontologists, and consequently we 
cannot tell its ancient Continental range. In Britain it sur- 
vived those changes which exterminated the characteristic 
post-glacial mammalia, and is found in the pre-historic deposits 
both in Great Britain and Ireland. It is described by Professor 
Owen from the marls underneath the peat of Manea fen, in 
which also reindeer, the Celtic shorthorn, and horse, have been 
found, and is mentioned by Mr. Scott as having been discovered 
both in Longford and King’s County. (“ Catalogue of Mam- 
malian Fossils discovered in Ireland,” Geological Society, Dublin, 
February 10, 1864.) It became extinct in Ireland probably 
before the historic period, for according to St. Donatus, who 
died in 840, in that favoured island, “ Ursorum rabies nulla est 
ibi.” Sir William Wilde mentions, however, that there is an 
Irish name for the animal in an old glossary in the library of 
Trinity College, and Thompson mentions traditions of the 
existence of the animal. (Mr. Scott, op. cit.) 

The recent exploration of the Victoria cave, near Settle, has 
revealed the fact that the Uraua Arctoa formed a portion of the 
food of the Neolithic dwellers in the cave, who have left the 

* “ Fauna Boreali- Americana.” 
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relics of their feasts and a few rude implements at the lowest 
horizon. The broken bones and the jaws of the animal lie 
indiscriminately mixed up with the remains of the red-deer, 
horse, and Celtic shorthorn {Boa longifrons). Two of the jaws, 
indeed, ri%al in size those of tlie great cave-bear. The section 
at the entrance of this cave shows tlie relation in point of time 
between the Neolithic occupation and the present day. On the 
siuface is an accumulation of angular fragments of limestone, 
fallen from the cliff, which rests on a stratum two feet in 
thickness, containing Celtic enamels and Roman coins, which 
cannot be of a later date than a.i). 746. Under the latter is a 
similar accumulation, no less tlian six feet thick, which rests on 
the lower Neolithic horizon. It may therefore fairly l>e as- 
sumed to liave taken thrice as long a time for its accumulation 
as the first — that is to say, if 1,200 years be required for 
the first, 3,600 years would be required for the second. And 
thus we roughly get at the date when the bear was eaten by 
the Neolithic hunters, which would be about 4,000 years ago. 
'I’his is one of the very few cases in which even a guess can be 
li.azarded of the lapse of past time in the region outside history. 

Nor are we without direct testimony that the bear was killed 
l>y the hand of man during the Roman occupation of Britain. 
In the collection of bones from the refuse heaps round Col- 
chester, made by Dr. Bree, the animal occurs along with the 
liadg(*r, wolf, Celtic shorthorn and gdat. I have also met with it 
in a similar refuse heap, at Richmond in Yorkshire, which most 
probably is of Roman origin. Indeed, in the nortliem parts 
of our island, the bear was sufficiently abundant during the 
Rom.an occupation to have been exported to Rome for the 
gladiatorial shows, unless Martial’s “ Ursus Caledonius” be a 
mere flight of poetical imagination. 

Xmla Caledonio sic pnobuit pectora urso 

Non falsi pendens in crucc Laureolus. 

The mention of a trade in Caledonian bears in Plutarch goes 
far to prove the truth of this incidental allusion. But whether 
it be true or not, there can be but little doubt that the animal 
inhabited the great Caledoni.-in forest diuring the Roman 
occupation of Britain. Tlie precise date of its extinction 
cannot be determined with any very great accuracy. One of 
the Gordons is said to have killed the last bear in Scotland in 
the year 1057, but I have been unable to verify the fact. The 
statement is made by Pennant, on the authority of an lieraldic 
legend. The animal might naturally have been expected to have 
lingered in the mountains of Wales long after it was driven 
from the cultivated and fertile portions of Roman Britain. 
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0x1 the authority of Dr. Ray * it is stated to have been one 
of the beasts of the chase in North Wales, and is believed by 
Pennant to have left traces of its former presence in the name 
Pennarth, or bear’s head. But however this may be, the 
animal doubtless became extinct in our island before the close 
of the eleventh century.f 

The history of the sojourn in Europe of the Uraus Arctos is, 
as we have seen, clearly ascertained. The animal made its ap- 
pearance in Britain after the glacial epoch had passed away, 
and lived on uninterruptedly down to the present day. The 
fact that it disappeared before the tenth century from Britain, 
while it still held possession of considerable areas in France 
and Germany, implies that the state of agriculture here was 
higher than that of those two countries at the time. It could 
not exist without long stretches of uncultivated lands. At the 
time of the Norman conquest huge forests overshadowed a con- 
siderable portion of Great Britain, to an extent which as yet 
has not been properly realised by any historian, but neverthe- 
less the hunter at that time had so completely ransacked their 
recesses, that he had extirpated the b^r, and thus prepared 
the way for the farmer. At the present day it lives on most 
of the high' mountains of Europe, but is annually becoming 
more scarce. In 1852, according to Lord Clermont, five were 
seen together in the Engadine. The animal ranges throughout 
Northern Siberia, and is probably represented by two varieties 
in North America. 

The following table represents the range in line of all the 
four British species. 

Pnvglacial Fo(t-gIacliil ric-historic Hbtorio 
Urau Arvemrtui* . . x — — — 



U. >i>eUeu$ 
17. ferox . 

V. Arctos 



X 



X 

X 

X 



X 



X 



• Rail, Syn. Quad. 214. 

t The reputed efficacy of bear’s prease in “ strengthening the roots of the 
hair " may perhaps be a superstition that points back to the time when 
the animal was hunted in Britmn. It ^yas an important ingredient in many 
kinds of ointment in the Middle Ages, and, mixed either with the burnt 
head of a Aare, or a burnt mouse and honey, was supposed to cure baldness. 
(See “ Geener, Nat Hist,” folio, voL i. p. 049). It is very remarkable that 
the bear should be singled out as ranking far higher than the rest of the 
beasts of the chase, and as an object of reverence, throughout nearly the 
whole of the northern Euro- Asiatic continent, and the northern regions of 
America. The Laps make almost a religious ceremonial of going out to 
the bear-hunt and the return (“ Lapponia, Scheffer,” Frankfort, 4to. 1672), 
wd carefully bury the bones of the bear. The Tunguzes of the Amoor 
treat it, when slain, with religious respect, and the Red Indians ask pardon 
of the dead animal for being compelled to kill it. 
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The Polar Pear (Ursus maritimiut) is believed by Dr. 
Carte to liave l>een an inhabitant of Ireland ui ancient times, 
on the evidence afforded by some bones found in Gur, 

in Limerick. The proportions, however, of the long bones and 
the position of the third trochanter on the inner side of the 
femur, differentiate the ursine bones in question from those of 
the polar-ln'ar. They resemble the cave-bear more than any 
other ; but the variations presented by the remains of the 
genus UvHus iU'e so great that in many cases it is im]x»ssible 
to determine the species. The size is of no value in dif- 
ferentiation, because in the post-glacial and pre-historic times — 
before man had seriously entered into competition with the 
carnivores — the wild animals were as a whole much larger than 
at the present day, when they are driven from the areas where 
food is abundant. The recent s|K‘ciinens in most of the museums 
afford, therefore, no true guide to specific determination so far 
as relates to variation in size. The genus bear also, in com- 
mon with the hipp'potamus and wild boar, present greater 
variations in form than most of the contemporary genera, and 
in very many cases I have been unable to assign the remain* 
to its rightful owner. And that this feeling is shared by other 
naturalists, is shown by the apjKilling lists of fossil l>ears, which 
merely are the expression of the iinjx>ssibility of assigning them 
to any one well-known form. 

We must now pass on to the history of the w'olf in Britain. 
During the })ost-glacial age the animal was rare as compared 
with the hyienas and the bears, and its remains occur both in 
caves and river dejK)sits. It has also I>een obtained from the 
pre-historic peat-lx>gs and alluvia in various jtarts of Great 
Britain. The only ca.se witliiu my knowledge of its remains 
being associated with the traces of the Romans is afforded by 
the collections from Colchester, made by Dr. Bree, and already 
mentioned. After the English invasion, and the jiopulous 
Roman province of Britain had been devastated with tire and 
sword, wolves increased to such a degree that they are deemed 
w'orthy of notice in the public records. At Flixton, near Filey, 
in Yorkshire, writes Camden,* an hospital was built in the 
time of .lithelstan for defending travellers from wolves (as it is 
word for w’ord in the public records), that they should not be 
devoured by them. In the reign of one of his successors, 
Eadgar, we liear of a tribute of three hundred wolves’ heads on 
Judwal, a prince of Merioneth, who, according to William of 
Malmesbury, piiid this tribute for three years, and desisted 
on the fourth, because he could not find one more.f He very 

• “Camden’s Britannia,’’ edit Gibson, vol. ii. p. 110. 

t “ Wil. Malm.’’ ii. 166, voL i. p. 261, edit Hardy. 
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likely drove them out of his territory, but they still continued 
numerous in other quarters. The statement in the metrical 
account of the battle of Hastings, that Duke William collected 
and buried his own slain, while he left the English a prey to 
the birds and wolves,* is probably literally tnie, because the 
tangled thickets of the Andredsweald must have been the 
lurking-places of wolves at the time. In 1281 they liad in- 
creased so much in the counties of Gloucester, Worester, 
Hereford, Sliropshire, and Stafford, that one Peter Corbett 
was ordered by Edward I. to destroy them by any means that 
he could.f This is the last historical notice which I have been 
able to verily. Camden, however, mentions them as formerly 
infesting the Peak country, and there is said to be preserved 
at Exeter a record in which they are mentioned as infesting 
Devonshire. Taking everything into consideration, it seems 
very probable that they were exterminated in England and 
Wales before the end of the fourteenth centiuy ; for had 
they been present in any force, their ravages would certainly 
have been placed on record. Their memory is preserved in 
several names of places in different parts of England. “ The 
spsicious palace,” for example, called Wolvesey, built close to 
the east side of Winchelsea Cathedral by Bisliop Henry in 
1137, and Wolvey, near Nuneaton, where Edward IV. was taken 
prisoner by the Earl of Warwick, after the battle of Dane 
Moor, may be quoted as examples. 

The wolves lingered some time longer in Scotland, as might 
be expected from the coimtry affording better cover than in 
England. The last wolf in (Gotland was killed, according to 
Pennant, by Sir Ewen Cameron in the year 1680. 

The wolf also lived in Ireland during the pre-historic period, 

* “ De Bello Hastiagensi Carmen,’’ by Guido, Bishop of Amiens : — 

“ Lustravit campum tollens et emsa suorum 
Corpora, Dux, teme condidit in gremio ; 

Vermibus atque htpu, avibus canibusque roranda 
Deserit ^Vnglorum corpora strata solo.” 

+ “ Rymer Foedera,” folio, bond. 1706, p. 108. 1281 An. 0 E. 1. “ Rex 
omnibus Ballivis, etc. Sciatis quod injunximus dilecto atque fidoli nostro 
Peter Corbet quod in omnibus Forestis et Parcis, et aliis locis infra comita- 
tus nostros Gloucestr. Wygom. Hereford. Salop, et Stafford, in quibus lupi 
poterunt inveniri, lupos cum hominibus, canibus et ingeniis suis capiat, atque 
destruat modis omnibus quibus videntur expedite. 

“ Et ideo yobis mandamus quod eidem Petro in omnibus, qute ad captio- 
nem luporum in comitatibus pnedictis pertinent, intendentes sitis et auxili- 
antes, quotiens opus fuerit et prtedictus Petrus yobis scire faciet ex parte 
nostra. In cujus etc. duratur quamdiu nobis plocuerit. Teste Rege apud 
WestminsL decimo quarto die Maii.” 
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aud its ravages have caused its existence to be placed on record 
after the English Conquest. Dr. Scouler has collected nearly 
all the notices on the |x>int (Joum. Geol. Soc. Dub., voL L 
p. 225). “ Great numbers of wolves formerly existed in Ire- 

land, and they maintained their ground in this country for a 
longer period than in any other part of the empire. Campion, 
whose history of Ireland was published in 1570, informs us 
that wolves were objects of the chase. ‘They (the Irish) are 
not,’ he says, ‘ without wolves, or greyhounds to hunt them, 
bigger of bone and limme than a colt.’ A century later they 
appear to have been equally abundant, for we find by the 
journals of the House of Commons that, in 1662, Sir John 
Ponsonby reported from the Committee of Grievances that a 
Bill should be brought in to encourage the killing of wolves 
and foxes. Elifective measures for this purpose appear to have 
l>een taken, and the wolf was at last extirpated about the year 
1710. Dr. Smith, in his ‘History of Kerry,’ when speaking 
of certain ancient enclosures, observes that many of them were 
made to secure cattle from wolves, which animals were not 
finally extirpated till the year 1710, as I find by presentments 
for raising money for destroying them in some old grand jury 
books.” 

According to Mr. Thompson,* three Wolf-hills in Ireland 
claim their name from the killing of the last wolf — “ one in the 
south, another near Glenarm, and the third three miles from 
Belfast.” 

The mischief done by these destructive creatures may be 
estimated by the various orders relating to them, which have 
been extracted from the Council Books preserved in Dublin by 
Mr. Hardiman.t In 1652 the export of “wolfe dogges” was 
declared to be illegal by Cromwell’s government, “ because the 
wolves doe much increase and destroy many cattle.” In the 
following year, also, in the preamble of a “ Declaration touch- 
inge the Poore,” it is stated that “ Many times poore children, 
who lost their parents or deserted by them, are found ex- 
posed to, some of them fed upon, by ravening wolves and other 
beasts and birds of prey.” This increase of the wolves is 
directly traceable to the devastated condition of Ireland after 
the rebellion had been ruthlessly stamped out by Cromwell. 
In France the wolves have already taken advantage of the 
desolate state of the country after the war to find their way to 
the battle-fields near Amiens. In the same year there is a 
third declaration ordering the destruction of wolves, to which 

• “ Nat. Hist, of Ireland,” vol. iv. p. 34. 

■f “ A ChorograpMcal Description of West Connaught,” by Roderic 
O'Flnherty, edit James Ilardiman, Dublin. Note D, p. 180. 
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the general extirpation of the wolf in 1710 may be directly 
assigned : “ And it is further ordered that all such person or 
persons who shall take, kill, or destroy any wolfes, and shall 
bring forth the head of the woulfe before the said commanders 
of the revenue, shall receive the sums following, viz. : for every 
bitch wolfe, six pounds ; for every dogg wolfe, five pounds ; for 
every cubb which preyeth for himself, forty shillings ; for 
every suckling cubb, ten shillings; and no woolfe, after the 
last of September until the 10th of January, be accounted a 
young woolfe ; and the Commissioners of the Revenue shall 
cause the same to be equallie assessed within their precincts.’ 
Such is the history of the British wolf. The date of its 
disappearance from England, Scotland, and Ireland affords 
a clue to the pliysical condition of those countries at the time. 
The hunter destroyed the only carnivores formidable to the 
shepherd and husbandman in England before the close of the 
fourteenth century; in Scotland in 1686, and in Ireland in 
1710 ; and the two survivors — the bear and wolf — of tbe band 
of larger beasts of prey that dwelt here in the post-glacial age, 
finally disappeared from Great Britain and Ireland. 
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THE “LOTOS” OF THE ANCIENTS. 

By M. C. COOKE, M.A. 

[PLATE LXXIV.] 



T he history of sacred plants is always an interesting and 
instructive study ; more so when it extends into a remote 
anti([uity, and is associated with such great and advanced 
nations as those of Egypt and India. Much has been written 
and speculated concerning the Lotos of old authors ; and great 
confusion has existed in many minds, on account of the desire 
to make all allusions and descriptions to harmonise with one 
ideal plant — the classic Lotos. At the outset of our remarks 
we must clearly intimate that it is impossible to combine all 
the fragments of history and description applied to some plant, 
or plants, known by the name of Lotos — and met with in the 
pages of Herodotus, Homer, Theophrastus, and others — into one 
harmonious whole, and apply them to a single mythical plant. 
It is manifest, from the authors themselves, that more than one 
Lotos is spoken of, and it was never intended to convey the 
notion that, like immortal Jove, the Lotos was one and in- 
divisible. Starting, then, with the conviction that the one 
name has been applied to more than one or two very distinct 
and different plants, wc shall have less difficulty than were we 
to attempt the futile task of reconciling all remarks about the 
Lotos to a single plant. 

In the first instance, it is perfectly clear that the Lotos of 
Homer, which Ulysses discovered, and which is alluded to in 
the ninth book of the “ Odyssey,” is quite distinct from any of 
the rest. It is the fruit of this tree to which interest attaches, 
and not to the flower, as in some others. For the sake of dis- 
tinction, we shall speak of this as the “ arborescent Lotos,” 
and attempt its identification. 

The allusion to it by Homer will be more vividly present in 
the minds of readers than that of any other Lotos, since the 
story forms the basis of the “ Lotos-eaters ” of our own Tenny- 
son. It is thus rendered by Pope : — 
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We touched, by various errors tossed, 

The land of Lotos, and the flowery coast. 

We climbed the beach, and springs of water found. 

Then spread our hasty banquet on the ground. 

Three men were sent, deputed from the crew, 

(A herald one), the dubious coast to view. 

And learn what habitants possessed the place. 

They went, and found a hospitable race ; 

Not prone to ill, nor strange to foreign guest, 

They eat, they drink, and Nature gives the feast ; 

The trees around them all their fruit produce ; 

Lotos the name ; divine nectarcous juice ! 

(Thence called Loto])hngi) which whoso tastes. 

Insatiate riots in the sweet repasts, 

Nor other home, nor other care intends, 

But quits his house, his country, and his friends : 

The three we sent, from off the enchanting ground 
We dragged reluctant, and by force wo bound : 

The rest in haste forsook the pleasing shore, 

Ur, the charm tasted, had returned no more. 

This tree, the fruit of wliich was eaten hy the Ix)topliagi, is 
mentioned hy Herodotus, Theophrastus, Polybius, Dioscorides, 
and Pliny, and from them we gather the following particulars. 
“ Of the Lotos, this particular kind is of a considerable size, 
about as large as a pear-tree, or somewhat less, having a leaf 
serrated like that of the Quercus ilex. The wood is of a dark 
colour ” (Theophrastus). “ The Lotus is a tree of no great 
height, rough and thorny, and hears a yellowish-green leaf, 
somewhat thicker and broader than that of the bramble ” 
(Polybius). “The Lotos-tree is of a considerable size” (Dios- 
corides). “Of the size of a pear-tree, though Cornelius Nepos 
speaks of it as a shrub ; the leaf is more serrated, otherwise it 
might be taken for the leaf of the evergreen oak ” (Pliny). 
Virgil also includes it amongst trees. Hence we gather that 
it is a small, rough, thorny tree, with serrated leaves, and a 
dark wood, for Pliny adds, “ the wood is of a black colour, and 
in request to make pipes to play upon.” So much for the 
tree, and now as to its fruit. “ This fruit of the Lotos is in 
size about as large as that of the Lentiecus (mastic) ; in sweet- 
ness it is like the fruit of the palm-tree. From this fruit the 
Lotophagi also make wine ” (Herodotus). “ The fruit is like 
the bean (Egyptian bean, or Kyamos) ; as the grape, it changes 
colour as it ripens; hut, like myrtle-berries, it is produced 
thick and close upon the shoots. It is eaten hy those people 
called Lotophagi ; it is innocent, of an agreeable sweetness, 
f^ud good for the bowels. There is one kind which has no 
«tone, and that is sweeter ; of this wine is made. The army 
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of Ophelias, on his march to Carthage, being short of pro- 
visions, is said to have subsisted for many days on this fruit ” 
(Theoplirastus). “ Its fruit at first is like white myrtle-berries, 
both in size and colour, but when it ripens it turns to purple ; 
it is then about the bigness of an olive ; it is roupd, and, 
when ripe, has a small stone ; it is gathered and bruised among 
bread-corn, put into a vessel, and kept as food for the servants ; 
it is dressed after the same manner for the family, the kernel 
being first taken out ; it has the taste of a fig, or date, but a 
far l>etter scent. Wine is likewise made of it, by steeping, &c. 
Vinegar is also made of it” (Polybius). “It bears a sweet 
fruit larger than pepper” (Dioscorides). “Of this Lotos there 
are many varieties, and the varieties are most conspicuous in 
the fruit. This fruit is of the size of a bean, and of a saffron 
colour, but before it is ripe it undergoes many changes, like 
the grape. Tlie fruit is produced in clusters, among branches, 
like myrtle-berries, and not as cherries are with us in Italy. 
The fruit affords so sweet' a food that it has given name to a 
people and a district. It is said that those who eat of it are 
not subject to pains in the bowels. The better sort is without 
stone, for there is one kind that has a bony nut. From the 
fruit wine is also expressed ” (Pliny). The whole of these 
agree in describing a sweet pulpy fruit, of variable size, but 
not larger than an olive, with a hard stone (and a stoneless 
variety, from which wine is made). There is no allusion what- 
ever to any peculiar effects resulting from the eating of this 
fruit, of the kind indicated by Homer, so that this p<jrtion of 
his story may be eliminated as poetical. It may be a beautiful 
romance in tlie hands of our I^aureate, to write of the “mild- 
eyed melancholy I^iotos-eaters,” and of the 

branches they bore of that enchanted stem, 

Laden with flower and fruit, whereof they gave 
To each; but whoso did receive of them, 

And taste, to him the gushing of the wave 
Far far away did seem to mourn and rave 
On alien shores ; and if his fellow spake, 

His voice was thin, as voices from tlie grave ; 

And deep asleep he seemed, yet all awake, 

Aud music in bis ears his beating heart did make. 

We will accept the romance, and be thankful for the beau- 
tiful, even though it be romance, but the Lotos of the Loto- 
phagi bore only a common-place sort of fruit which satisfied 
hunger, was sweet and pleasant, and eould yield wine. 

The next evidence to be adduced is that of modem travellers. 
First of these is Dr. Shaw, who states that the seedra of the 
Arabs “ is a shrub very common in the Jereede, and other parts 



Digitized Dy Vjoosh 



TUB “ LOTOS ” OF THE ANCIENTS. 



257 



of Barbary, and has the leaves, thorns, and fruit of the Zizyphue 
or jujube : only with this diiference, that the fruit is there 
round, small, and more luscious, at the same time the branches 
are neither so much jointed nor crooked. This fruit is in great 
repute, it tastes something like gingerbread, and is sold in 
the markets all over the southern districts of these kingdoms. 
The Arabs call it ‘ Aneb enta el seedra,’ that is, the jujube of 
the seedra.” 

That the arborescent Lotos was some species of Zizyjphua or 
jujube, seems evident from the descriptions above given from 
ancient authors, and such is the impression of modem travellers. 
The observation of the late Dr. Lindley, to the effect that “ the 
Lote bush, which gave its name to the ancient Lotophagi, is 
to this day collected for food by the Arabs of Barbary, who call 
it Sach\ and its berries Nabk, is the Zizyphus Lotus of bota- 
nists,” is also the opinion of the majority of scientific men. 
It is possible that the fruit of other species of Zizjfphus con- 
stituted some of the “ varieties ” mentioned by the ancients. 

We must not omit to allude to the remarks made by Mungo 
Park, on this subject, in his “ Travels,” The negroes gathered 
from thorny bushes small fruits called tombei'ongs. These he 
describes as “ small farinaceous berries, of a yellow colour, and 
delicious taste, which were no other than the fmit of Rhamnus 
{Zizyphus) Lotus of Linnaeus. They had gathered two large 
baskets full in the course of the day. These l)errie8 are much 
esteemed by the natives, who convert them into a sort of bread, 
by expMJsing them for some days in the sun, and afterwards 
pounding them gently in a wooden mortar, until the farinaceous 
part of the berry is separated from the stone. This meal is 
then mixed with a little water, and formed into cakes, which, 
when dried in the sun, resemble in colour and flavour the 
sweetest gingerbread. The stones are afterwards put into a 
vessel of water and shaken about, so as to separate the meal 
which may still adhere to them ; this communicates a sweet 
and agreeable taste to the water, and, with the addition of a 
little pounded millet, makes a pleasant gruel called fondi^ 
which is the common breakfast in many parts of Ludamar, 
during the months of February and 3Iarch. The fruit is col- 
lected by spreading a cloth upon the ground and beating the 
branches with a stick. The Lotus is very common in all the 
kingdoms which I visited, but is found in greatest plenty on 
the sandy soil of Kaarta Ludamar, and the northern parts of 
Bambarra, where it is one Of the most common shrubs of the 
country. As this shrub is found in Tunis,” he adds, “ and also 
in the negro kingdoms, and as it fumishes the natives of the 
latter with a food resembling broad, and also with a sweet 
liquor, which is much relished by them, there can be little 
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doubt of its beings the Lotos mentioned by Pliny as the food 
of the Libyan Lotopbaffi.” 

The ciiaracteristies of the jujube family are so much those 
described as pertaining to the classical Lotos, that no botanist 
appears to dissent from the conclusion that some species of 
Zizypkm is meant, and even at the time of Linmeus that par- 
ticular species was indicated to which he applied the name of 
Rhamnua Lotua. It may be taken for granted, then, that 
during the intervening period, if this determination had been 
based upon insufficient grounds, or liad a more promising can- 
didate for the honour been discovered, some decided protest 
would have been entered against the pretender. 

The application of the same trivial name to a species of 
Dioapyrua (the D. Lotua) cannot in itself be accepted as an as- 
sumption that it had claims to be regarded as the true Lotos in 
opposition to the jujube. 

Whatever else the plant might be that is mentioned by Ovid 
as the Lotos, it was evidently arborescent. It occiurs in the 
ninth Iwok of his “ Metamorphoses,” where the nymph Lotis, 
fleeing from Priapus, is transformed into 

A flowery plant which still preserves her name; 

and in the transformation of Dryope into such a tree for pluck- 
ing the flowers of the “ watery Lotos ” for the amusement of her 
infant son, it is said that — 

The spring was new, and all the verdant boughs, 

Adorn’d with blossoms, promised fruits that vie 
In glowing colours with the Tyrian dye. 

This may be the poetical romance of the origin of the Libyan 
Lotos. 

The second Lotos may be designated as the Sacred Lotos, or 
Lotos of the Nile. It is the one which figures so conspicuously 
on the monuments, enters so largely into the decoration, and 
seems to have been interwoven with the religious faith of the 
Ancient Egyptians. This Lotos is mentioned by Herodotus, Tlieo- 
phrastus, Dioscorides, Pliny, and Athenajus as an herbaceous 
plant of aquatic habits, and from their combined description it 
seems evident that some kind of water-lily is intended. “ When 
the river is full, and the plains are inundated, there grow in 
the water numbers of lilies which the Egyptians call Lotos ” 
(Herodotus). “The Lotos, so called, grows chiefly in the 
plains when the country is inundated. The flower is white, 
the petals are narrow, as those of the lily, and numerous, as 
of a very double flower. When the sun sets tliey cover the 
seed-vessel, and as soon as the sun rises the flowers open, 
and appear above the water ; and this is repeated, until the 
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seed-vessel is ripe and the petals fall off. It is said that in 
the Euphrates both the seed-vessel and the petals sink down 
into the water from the evening until midnight to a great 
depth, so that the hand cannot reach them; at daybreak tliey 
emerge, and as day comes on they rise above the water ; at 
srmrise the flowers open, and when fully expanded they rise up 
still higher, and present the appearance of a very double flower ” 
(Theophrastus). “ The Lotos which grows in Egypt, in the 
water of the inundated plains, has a stem like that of the 
Egyptian bean (Kyamos). The flower is small and white like 
tlie lily, which is said to expand at sunrise, and to close at 
sunset. It is also said that the seed-vessel is then entirely hid 
in the water, and that at sunrise it emerges again ” (Dioscorides). 
After describing the arborescent Lotos, Pliny states “ there is 
also an herb of the same name, and in Egypt it grows up with 
an herbaceous stem, as a marsh plant. When the inundating 
waters of the Nile retire, it comes up with the stem like 
the Egyptian bean, with the petals crowded thick and close, 
only shorter and narrower. There is a further circumstance 
related concerning this plant of a very remarkable nature, that 
the poppy-like flowers close up with the setting sun, the p>etals 
entirely covering the seed-vessel ; but at simrise they open 
again, and so on, till they become ripe, and the blossom, which 
is white, falls off.” Athenaeus states that they grow in the lakes 
in the neighbourhood of Alexandria, and blossom in the heat 
of summer. He also mentions a rose-coloured and a blue 
variety. “ I know that in that fine city they have a crown 
called Antinoean, made of the plant which is there named 
Lotos, which plant grows in the lakes in the heat of summer, 
and there are two colours of it ; one of them is the colour of a 
rose, of which the Antino^n crown is made ; the other is called 
Lotinos, and has a blue flower.” 

An aquatic plant, with double, poppy-like flowers, expanding 
in the morning and closing at night— 

Those virgin lilies all the night 
Bathing their beauties in the lake, 

That they may rise more fresh and bright 
\M»en their belovM sun’s awake — 

either white, blue, or rosc-coloiued, points clearly to a nym- 
ph£paceou8 plant, closely allied to our own white water-lily ; 
and this is further strengthened by the description of the 
fruit. 

“ These (Lotos) they gather and dry in the sun ; then they 
pound what is obtained from the middle of the flower, which is 
like a poppy-head, and make it into leaves, which they bake ” 
(Herodotus). “ The size of the seed-vessel is equal to that of 
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the largest poppy-head, and it is divided by separations, in the 
same manner as the seed-vessel of the poppy ; but the seed, 
which is like millet,* is more condensed. The Egyptians lay 
these seed-vessels in heaps to perish, and when they are rotten 
the mass is washed in the river, and the seed taken out and 
dried, which is afterwards made into loaves, baked, and used for 
food” (Theophrastus). “ The seed-vessel is like a very large 
poppy-head, and the seeds are like millets, which the Egyptians 
dry and make into bread ” (Dioscorides). “ It has a seed-vessel 
in all respects like a poppy-head, and contains seeds like 
millet. The inhabitants lay these seed-vessels in heaps to 
yuitrefy, then wash away the filth, dry the seed, pound it, and 
make bread of it” (Pliny). 

Anyone acquainted with our native water-lilies will recognise 
this description of the poppy-like fruit and numerous seeds. 
Those who are not may consult the 53rd plate of the third 
edition of Sowerby’s “ English Botany.” This is still more 
corroborated by the remark of Theophrastus, that “ the nature 
of the stem is like that of the bean (Kyamos), audits sprcjading 
leaves are similar, except that they are less and thinner, and the 
leaf is attached to its foot-stalk in the same manner.” The 
nature of the stem and petioles, alluded to in the bean or 
Kyamos, will be described hereafter, and consists of internal 
cavities, or air-passages, to be seen also in the sections of the 
wliite water-lily in the plate of Sowerby’s “ Botany ” already 
quoted. (PI. LXXIV., fig. 4.) 

There is one other part of the plant alluded to by the 
ancients which must not be omitted — the farinaceous root. 
“ The root also of the Lotos is eatable, and moderately sweet ; it 
is round, and of the size of an apple ” (Herodotus). “ The root 
of the Ixitos is called cor»ion, which in its figiu-e and size is 
like a quince : the colour of the rind is dark, like a chestnut, 
but the inside is white ; when boiled or baked it is like the yolk 
of an egg (this expression is doubtful as to its meaning), and 
agreeable to the taste ; it is also eaten raw ” (Theophrastus). 
“ The root, which in appearance is like a quince, is eaten both 
raw and Ixiiled ; when boiled, in quality it is like the yolk of 
an egg” (Dioscorides). 

From these descriptions it is evident that the Sacred Lotos 
of the Nile, the Egyptian Lotos of the ancients, was a species 
of Xymphaxi, common in the waters of that river. Plants, and 
animals also, submit so much to external circumstances, that 
the lapse of centuries may eradicate them from spots on which 

* The common millet of Egypt was the Dhoora, or Sorghum vulgare, the 
seeds of which ere much larger than in the millets belonging to the genera 
Setiiria, runicum, nr Pufjynlum. 
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they were at one time common. It by no means follows that 
the same plants will be found flourishing in the Nile now, that 
were common under the Pharaohs ; but, when the French 
invaded Egypt in 1798, Savigny brought home from the Delta 
a blue Nymphcca, which was figured in the “Annales du 
Museum,” corresponding very closely in habit to the conven- 
tional Lotos so common on the Egyptian monuments. 

It seems to be very probable that the Lotos-flower in the 
hands of the guests at Egyptian banciuets, and those presented 
as offerings to the deities, were fragrant. The manner in 
which they are held strengthens this probability, as there is 
no other reason why they should be brought into such close 
proximity with the nose. Our figure of a flower of the blue 
Xymphcca (Av ccerulea), from Savigny, should be compared in 
habit, narrow acute petals, &c., mth the I^otos of tlie monu- 
ments. (PI. LXXIV., fig. 1). 

The white Lotos is evidently Nymphaea Lotus, L., which is 
common to the floras of India and Egypt. Like others of the 
order, it has a tendency to variation to such an extent that 
numbers of its forms have received specific names ; but these 
are imited by Dr. Hooker under the aljove name. The red 
Lotus is a coloured variety of the same plant. Andrews recog- 
nised it as a distinct species allied to N. Lotus, but specifically 
distinct in the colour of the flowers. Eoxburgh declares that 
the difference between them is in the colour of the flowers 
only. It is now generally admitted that the colour of the 
flowers is insufficient, of itself, to constitute a specific differ- 
ence, and the red Lotus, or NyrnphcEa o'ubra, becomes merely 
the red-flowered Nymphmi Lotus, L. (PI. LXXIV., fig. 2.) 

As to tlie blue I^otus, it is our opinion that it must be 
referred to Xymphmi stellata, Willd., as accepted by Hooker 
and Thomson in “ Flora Indica.” Of this species the N. cyanea 
of Roxburgh and the N. ccerulea of Savigny are varieties. It 
is stated in the work just cited that the authors had long enter- 
tained the belief that “ the blue water-lily of the Nile and India 
are (like their white congener Lotus') specifically tlie same. 
The most prominent diSierence we find between them is the 
sweet scent of the African plant, whether wild or cultivated, 
and its usually more numerous petals and stamina.” It is the 
fragrant blue Lotus of the Nile that seems to be represented 
so freely on the monuments, whether it be called Nymphaea 
cwrulea or N. stellata. And it is the white Lotus {Nympheea 
Lotus) alluded to by the majority of ancient authors. The 
seeds and roots of both species are commonly eaten by the 
natives of India. 

There is still a third Lotus, briefly mentioned by Dioscorides, 
Theocritus, and Homer, which may be some species of Medi- 

TOL. X. — xo. XL. t 
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cago or of tbe modem genas Lotus. It is herbaceous, some- 
times wild, and sometimes cultivated ; but always written 
about as though constituting herbage, and is on one occasion 
cropt by the horses of Achilles. We shall not pause to identify 
this plant, hut proceed at once to the last plant it is our design 
to deal with. 

The Kyamos,or Indian Isatos. This can scarcely claim to be 
one of the kinds of Lotos mentioned by the ancients, since it is 
distinctly alluded to by them as the Egyptian bean, or Ky’amos. 
This plant amongst the Hindoos h:is a sacred chanicter, equal 
to that of the Lotos amongst the Egyptians. It was doubt- 
less Asiatic in its origin, hut at one time was plentiful in Egypt, 
whence it has now totally vanished. It is represented on the 
Egyptian moniunents, but far less commonly than the Sacred 
Lotos. .Some authors declare this to be the veritable “ 8acred 
lotos of Egvpt,” a title to which it has no claim. Herodotus, 
after describing the Lotos, add.s, “there are likewise other 
lilies, like roses (and these, too, grow in the river Nile), whose 
fructification is produced in a separate seed-vessel, springing 
like a sucker from the root, in appearance exactly resembling 
a wasp’s nest, and containing a number of esculent seeds, 
about the size of olive-berries. These are also eaten, when 
tender and dry.” 

The descriptions of this plant are so characteristic that there 
never ajjpears to have been any doubt as to what plant was 
intended. “ This Eg 3 rptian bean,” says Dioscorides, was “ chiefly 
produced in Egypt, and in Asia, and in Cilicia, in stagnant 
waters.” He says it has a large leaf like an umbrella, and a 
stem a cubit high, of the thickness of a finger. The flower, 
which is like a rose, is twice the size of a poppy : when the 
petals fall off, the seed-vessel is produced with cells, each con- 
taining a bean, a little elevated above the top of the seed- 
vessel, like a bubble in wat<‘r. The seed-vessel is called 
ciborion or cibotion, and the planting of the beans is effected 
by sinking the seed-vessel in the water, with the beans in it, so 
that they may take root in the mud. The root is thicker than 
a reed, and it is eaten both boiled and raw, 'and is called collo- 
casia ; the bean is also eaten green : when it is dry it becomes 
of a dark colour, and is larger than the Grrecian bean. 

Theophrastus has also given rather a full description of this 
plant. He says that “ it is produced in marshes and in stagnant 
waters ; the length of the stem, at the longest, four cubits, and 
the thickness of a finger, like the smooth jointless reed. The 
inner texture of the stem is perforated throughout like a 
honeycomb, and upon the top of it is a poppy-like seed-vessel, 
in circumference and appearance like a wasp’s nest. In each 
of the cells there is a bean projecting a little above the surface 
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of the seed-vessel, which usually contains about thirty of these 
beans or seeds. The flower is twice the size of a poppy, of the 
colour of a full-hlown rose, and elevated above the water ; 
about each flower are produced lai^e leaves, of the size of a 
Thessalian hat, having the same kind of stem as the flower- 
stem. In each bean, when broken, may be seen the embryo 
plant, out of which the leaf grows. So much for the fruit. 
The root is thicker than the thickest reed, and cellular like the 
stem ; and those who live about the marshes eat it as food, 
either raw, or boiled, or roasted. These plants are produced 
spontaneously, but they are cultivated in beds. To make these 
bean-beds, the beans are sown in the mud, being previously 
mixed up carefully with chaff, so that they may remain without 
injury till they take root, after which the plant is safe. The 
root is strong, and not unlike that of the reed ; the stem is also 




Keceptacle o£ Selvmbium speciosum, with tbo seeds in situ. 



similar, except that it is full of prickles, and therefore the 
crocodiles, which do not see very well, avoid the plant, for fear of 
running the prickles into their eyes.” 

Major Drury observes that the mode of sowing the seeds of 
Nelumbium in India, at the present day, is by first enclosing 
them in balls of clay, and then throwing them into the water. 

Sir James Smith says that in process of time the receptacle 
separates from the stalk, and, laden with ripe oval nuts, floats 
down the water. The nuts vegetating, it becomes a comu- 
copoeia of young sprouting plants, which at length break loose 
from their confinement, and take root in the mud. 

The account given by Strabo of the Egyptian bean is not 
less interesting. “ In the marshes and lakes of Egypt grow 
both the paper-reed and the Egyptian bean, which produces a 
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ciborium. They are nearly of equal height, having stems 
about ten feet long; but the paper-reed has a smooth stem, 
with foliage growing from the top, whereas the bean has leaves 
and flowers springing from separate stems, and bears a fruit 
like our bean, but diflbring in size and taste. The plantations 
of beans are pleasant to the sight, and delightful to those who 
wish to feast on them. The way of feasting is to go in boats 
with cabins into the thick plantations of them, where a shade 
is afforded by the leaves, which are very large, so as to be used 
for cups and bowls : they are adapted to this use by their con- 
cavity. The shops at Alexandria are full of them, where they 
are used for vessels. The sale of them constitutes one part of 
the profit of a farm.” 

Comparing all these very characteristic features with what is 
known of Nelumbium speciosum, there is no room for doubt 
that this is the plant which was known to the ancients as the 
Kyamos or Egyptian bean, the Tamara of modetn India. This 
is described as an aquatic plant, ^vith orbicular leaves at- 
tached at the centre, smooth ; under-surface pale ; margins 
somewhat waved; peduncles longer than the petioles, and 
erect; root-stock horizontal, fleshy, sending out many fibres 
from the under-surface ; ]>etioles long, rising above the surface 
of the water, rough with acute tubercles ; corolla polypetalous ; 
flowers large, white or rose-coloured ; nuts loose in the 
hollows of the torus or receptacle. (PI. LXXIV., fig. 3.) 

The flowers-stems and petioles of the leaves are pierced 
throughout their length with numerous canals or air-ducts, so 
that sections cut from them are full of large holes. These 
sections, about one-eighth of an inch in thickness when dried, 
are sold in the bazaars of India, where they are employed 
medicinally. (PI. LXXIV., fig. 4.) 

The leaves and flower-stalks abound in spiral tubes, which 
are extracted with great care by gently breaking the stems and 
drawing apart the ends; with these filaments are prepared those 
wicks which are burnt by the Hindoos in the lamps placed 
before the shrines of their gods. In India, as well as in China 
and Ceylon, the flowers are held to be especially sacred. The 
roots and seeds are still eaten in India, as they were in ancient 
Egypt ; and Dr. Porter .Smith states that the common arrow- 
root of China is prepared from this plant. (PI. LXXIV., fig. 
6.) The peculiar receptacle, and the way in wliich the seeds 
are immersed in it, are so cliaracteristic, that it needs scarcely 
any other evidence to establish the identity of the Nelumbium 
with the Kyamos. 

The Chinese distinguish four kinds of water-lily — the yellow, 
the white, the red, and the pink ; the three latter sometimes 
with single flowers, sometimes with double. Of the Nelumbium 
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M. Hue says:* “This plant may be propagated by seeds, but 
more easily and rapidly by roots ; it does not require any kind 
of culture, and there is nothing comparable to the effect pro- 
duced by this splendid flower on the ponds and basins of China. 
It does not bud till towards the end of IMay, but its germi- 
nation is very rapid, and its great leaves, lying on the surface of 
the water or raised majestically to various heights, form a 
covering of most exquisite verdure, the beauty of which is of 
course enhanced when it is enamelled by flowers of various 
dyes. They are larger than poppies, and their dazzling tints 
are beautifully relieved by the green leaves. The young 
Chinese poets are particularly fond of celebrating the beauty of 
the water-lily gleaming in the moonlight, as the boats row about 
the basins illumined by swarms of glow-worms and fire-flies. 
Its seeds are eaten as nuts are in Europe (fig. 5), and boiled 
in sugar and water they are considered delicious by epicures. 
The gigantic root is a great resource for culinary preparations, 
and in whatever way it is dressed it is always excellent and 
wholesome. The Chinese pickle great quantities of it with 
salt and vinegar, to eat with rice ; reduced to powder, it is ex- 
tremely agreeable when boiled with milk or water, and in the 
siunmer it is eaten raw like fruit, and is very refreshing. 
Finally, the leaves are constantly made use of instead of paper 
for wrapping up all kinds of things, and when dried are often 
mixed with tobacco, to render it a little milder.” 

Although we cannot regard this as the mythic Lotos of 
Egypt, it was doubtless held in veneration, and is, moreover, 
considered sacred by the Hindoos, and serves for the floating 
shell of Vishnu and the seat of Brahma. Sir William Jones 
says that “ the Thibetans embellish their temples and altars 
with it, and a native of Nepaul made prostration before it on 
entering my study, where the fine plant and beautiful flowers 
lay for examination.” Thunberg affirms that the Japanese re- 
gard the plant as pleasing to the gods, the images of their idols 
being often represented sitting on its large leaves. In China 
the Shing-moo, or Holy Mother, is generally represented with a 
flower of it in her hand, and few temples are without some 
representation of the plant. 

According to Chinese mythology, Shing-moo bore a son, 
while she was a virgin, by eating the seeds of this plant, which 
lay upon her clothes on the bank of a river where she was 
bathing. When the time of her gestation was expired, she 
returned to the same place, and was there delivered of a boy. 
The infant was afterwards found and educated by a poor fisher- 
man, and in process of time became a great man and performed 

• “ The Chinese Empire,” by M. Hue. London, 1869, pp. 469, 470. 
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miracles. Shing-moo is represented standing, she 

generally holds a flower of the Nduimbrnm in her hand ; and 
when sitting, she is usually placed upon one of its large orbi- 
cular leaves. 

The conclusion to which these observations are directed is, 
that at least four kinds of Lotos are mentioned by the ancients. 
That one of these is arborescent, and bore the fruit on which 
the Lotophagi subsisted, which was some one or more species 
of Zizyphus, chiefly Zizyphus Lotus. That a second of these 
was the Sacred Lotos of the Nile, a water-lily or Nymphaia. 
That the third was an herbaceous or leguminous pasture plant. 
Finally, that, although the Egjrptian bean, or Kyamos, was 
known to the ancients, is represented on the monuments of 
Egypt, and was probably held in veneration, it was not alluded 
to by ancient authors as a Lotos, and undoubtedly was the Se- 
lumhium speciosum of botanists. 



EXPLANATION OF PLATE LXXIV. 

Fio. 1. Flower of blue water lily of the Delta of Egypt (yymphaa 
carulea), from Savigny. 

„ 2. Flower of white water lily of the East (Xymphaa Zotut), 

„ 3. Flower of Kyamos, or “ Egyptian bean ” (Ndmnbium gpeciosum). 
„ 4. Section of flower-stem of same plant. 

„ . 6. One of the nuts, or seeds, of Xelnmbium spedosum, natural size. 

„ 6. Starch from the root-stock of Xflumbium qtedoatni, x. 320. 



Digitized by GoogI 





267 



GREENLAND. 

By WILLLVM PENGELLY, F.E.S., F.G.S. 



G eographers and geologists have for some time devoted 
a large amoimt of attention and labour to Greenland ; 
and, judging from the numerous reports and papers on it, 
which have been read to various scientific bodies, it must be 
admitted that their efforts have been crowned with great 
success. Of these communications, those which have most 
recently arrested our attention are Professor Heers “ Contribu- 
tions to the Fossil Flora of North Greenland,” read to the 
Royal Society of London on March 11, 1869,* and Dr. Brown’s 
“ Physics of Arctic Ice,” read to the Geological Society of 
London on June 22, 1870,t the latter treating of the country 
as it is at present, and the former of its condition during the 
Miocene period of the geologist. 

From time to time, Arctic voyagers — especially McClintock, 
Inglcfield, Colomb, and Olrick — have brought from Greenland 
considerable collections of fossil plants, which have been lodged 
in the museums of London, Dublin, and Copenhagen. They 
have attracted so much attention, and their revelations have 
been so startling, as to induce the Royal Society of London and 
the British Association to vote, in 1866, liberal grants of 
money for the purpose of investigating tlie fossiliferous beds, 
and making as complete a collection as possible of the remains 
of the plants which they contain. The expedition was en- 
trusted to ^Ir. E. Whymper, so well known for his Alpine 
researches, and Dr. Brown, who had previously travelled in 
Arctic North America, Greenland, and Spitzbergen, and had 
availed himself of the ample opportunities he had thus enjoyed 
for studying ice phenomena. 

They reached the colony of Jacobshavn, in Greenland, on 
June 16, 1867, and left the island on the 10th of the following 
Septeml>er, having received, during their stay, every assistance 

* See “ Phil. Trans.” for 1809, Pt. IL pp. 445-488. 

+ See “ Quart. Joum. Geol. S^” vol. xxvi. pp. 071-701. 
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from tlie Danish authorities. The fossils they brought hom*’ 
were submitted to Professor Heer, the eminent botanist of 
Zurich, whose report on them has already lieen named. 

Greenland is in all likelihood a large wedge-shaped island, 
covered everywhere in the interior with a sheet of ice of un- 
known depth. Tlie coast-line surrounding this vast mer <h 
glace is of variable breadth, and has the aspect of a circlet of 
bare bleak islands rising to the height of about two thousand 
feet, and separated by deep inlets or fjords, wliich are the 
channels through which the overflow of the interior ice finds 
its way to the sea. During the short Arctic summer the snow 
clears off this outskirting land, on which the population of 
Greenland lives and the Danish trading-ports are built. 

Though a familiar subject of conversation among the colonists 
from the earliest times, very few of them have ever visited the 
great interior sea of ice ; whilst the natives have a great horror 
of it, not only because of the dangers it presents, but from a 
belief that it is inhabited by evil spirits of monstrous forms. 
At the inlets, where the interior ice sometimes reaches the sea, 
it presents ‘ ice-walls,’ varying in height from one thousand to 
three thousand feet, according to the depth of the valley. 
This wall is always steep, because bergs are continually break- 
ing off from it, thus rendering approach to it very dangerous, 
on account, not only of the falling ice, but of the waves which 
it produces. One of these faces, kno^vn as Humboldt’s Glacier, 
is about sixty miles broad. 

Once fairly on the ice in the interior, a dreary scene meets 
the view — one great ice-field, unbroken in all directions, except 
in those in which the outskirting land is seen. The traveller, 
however, finds it traversed with crevasses, the bottom of which 
he is unable to see, or to reach with his sounding-line. The 
surface of the field rises continuously but gently, the gradient 
diminishing towards the interior. In the rvinter it must l>e 
covered with a deep layer of snow, and the surface must be 
smooth as a glassy lake ; but in the summer this covering is 
converted into water, which, in the form of streams, finds its 
way to the sea, directly by flowing on the surface to the edge, 
or indirectly by falling into the crevasses, and thence/by sub- 
glacial routes. As is the case with glaciers generally, the sur- 
face of the ice is ridged and fiurowed ; and so far as observations 
have gone, this increases towards the interior. Nowhere is 
there to be seen on it a trace of any living thing, or a patch of 
earth, or a stone, or, in short, anything whatever to remind one 
of the outer world. An afternoon breeze blows over it regu- 
larly with such piercing bitterness, that the explorers found 
their Eskimo dogs crouched under the lee of the sledge for 
shelter. 
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There seems every probability that the country is covered 
with one continuous almost level field of ice, concealing or ob- 
literating all indications of hill and \alley, without a single 
break, for upwards of twelve hundred miles from north to 
south, and four hundred from east to west. Its thickness is 
unknown ; but when it is remembered that eveiy square mile 
contains six hundred and forty acres, that the weight of an 
inch of rain is upwards of one hundred tons per acre, and that, 
even exclusive of the pressure, the specific gravity of ice is 
about eight-ninths of that of water, it will be seen that the 
unbroken ice-field of Greenland must have an area of upwards 
of throe hundred million acres, and a weight of more than 
twenty-seven thousand million tons for every inch of its thick- 
ness. 

From the facts that ice-bergs are rare on the east coast, and 
that no stones or other indications of land are found on the 
surface of the ice-field, it is tliought probable that there is no 
high land in the interior, but that the ice slopes continuously 
from east to west ; and as the surface of the vast accumulation 
of ice in the kno^vn interior, so far from anywhere attaining 
the height of the circumscribing land, can only be seen by 
climbing to considerable elevations on the latter, it is believed 
by Dr. Brown that the bare surface of the country, were its 
glacial covering removed, would resemble a huge shallow vessel 
with high walls around it — a vessel now filled with ice, which 
slowly flows off, in the form of glaciers, through the enormous 
lips in tlie zone of mountain-land forming its rim. Dr. Brown 
is of opinion that a great inlet once stretched across the island 
from Jakobshavn ice-Qord, as represented on the old maps, but 
that it is now choked up with consolidated bergs. 

It can scarcely be doubted tliat, in the course of ages, the 
glaciers, slowly travelling seaward, grind down the bottoms of 
the valleys to the sea-level, and thus convert the valleys them- 
selves into fjords, such as are so prevalent on the coasts of 
northern countries in general. When a glacier reaches the 
sea, it grooves its way along the submarine bottom for a con- 
siderable distance — in some instances upwards of a mile — imtii 
it is stopped by the buoying action of the water, tlirough which, 
and not the force of gravity, a portion is ultimately broken off 
and an ice-berg is formed. “ The ice,” says Dr. Bro\vn, “ groans 
and creaks, then there is a crashing, then a roar like the discharge 
of a park of artillery, and with a monstrous regurgitation of 
waves, felt far from the scene of disturbance, the ice-berg is 
launched into life.” Some of the bergs may be seen sailing 
majestically in long lines out of the ice-Qords, to be wafted 
in various directions by tlie winds and currents. Some of 
them ground near the fjords, where they remain for months 
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or even years, and are only removed by “ calving,” or pieces 
breaking off from them. 

Dr. li. Rink, of Copenhagen, whose long residence in the 
country entitles his opinion to the greatest respect, has calcu- 
lated the yearly precipitation, including both snow and rain, at 
ten inches, and the discharge of ice, in the form of glaciers, 
at two inches. A small portion is given off by evaporation, 
but the greatest discharge is probably in the streams of water 
which pour out beneath the glaciers, both in summer and 
winter. W'e do not appear to be in possession of suflBcient 
data to justify an opinion as to how far the united yearly dis- 
charge of ice, water, and vaptiur at present equals the annual 
precipitation. It is obvious that the question of the increase 
or decrease of the existing ice-sheet hinges on this point. 

The sub-glacial streams, thickly loaded with mud from the 
grinding of the glaciers on the rocks over which they travel, 
discolour the sea for miles, and finally deposit on the bottom a 
thick coating of the finest material, in which Arctic marine 
animals burrow in great numljcrs. Some of the inlets, for- 
merly (piite open for Iwats, are now so choked up with bergs 
— mainly, it is thought, in consequence of the deposits of sub- 
glacial mud — that going up them is never thought of at 
present. 

Occasionally, without a breath of wind stirring, ice-bergs are 
seen “ shooting out ” of an inlet, propelled, in all probability, 
by the waves jnoduced by a fresh berg Ixnng detached from 
the glacier up the Qord. 

Tlie Ijergs when aground have always a slight movement, 
which stirs up the food on which the seals largely subsist ; 
hence the neighbourhood of such bergs is a favourite haunt of 
these animals, and thus too often tempts the native fisherman, 
who not unfrequently loses his life by falling ice. “ When we 
would row between two l>ergs,” says Dr. Brown, “ to avoid a 
few hundred yards’ circuit, the rowers would pull with muffled 
oars and bated breath. Orders would be given in whispers, 
and even were .Sabine’s gull or the great auk to swim past, I 
scarcely think that even the chance of gaining such a prize 
would tempt ns to run the risk of firing, and thereby endanger- 
ing om- lives by the reverberations bringing down pieces of 
crumbling ice hanging overhead. A few strokes and we are 
out of danger; and then the pent-up feelings of oim stolid 
fur-clad oarsmen find vent in lusty huzzahs ! Yet, when viewed 
out of danger, this noble assemblage of ice palaces, Inmdreds 
in number being seen at such times from the end of Jakobs- 
havn Kirke, was a magnificent sight ; and the voyager might 
well indulge in some poetic frenzy at the view. The noon- 
day heat had melted their sides ; and the rays of the red even- 
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ing sun glancing askance among them would conjure up fairy 
\’isions of castles of silver and cathedrals of gold. . . Suddenly 
there is a swaying, a moving of the water, and our fairy 
palace falls in pieces, or, with an echo like a prolonged thunder- 
clap, it capsizes, sending the waves in breakers up to our very 
feet.” 

Ordinary Alpine glaciers, like those of Switzerland, flomng 
down mountain gorges, receive great accumulations of rocky 
debris on each side, which are termed laten'oL moraines. In 
the frequent case of two such gorges uniting in one at a 
lower level, what may be called the adjacent or inner laterals 
become one, and form a medial momine. Not unfrequently 
portions of the material thus accumulated on the surface fall 
through the crevasses, and, reaching the bottom, participate 
there in the general downward motion, and with the debris 
the glacier has dislodged from the rocky siuface on which it 
travels, form the moraine profomie or basal moraine. If, 
as in the Alps, the glacier terminates without reaching the 
sea, most of the matter thus transported is deposited at its 
foot, and forms a tei'minal moraine. 

The glaciers of Greenland are much more simple. They 
bring no debris from the interior ; and the short valleys 
through which they reach the sea rarely unite. The surface 
material — which is inconsiderable, and seldom takes the form 
of a medial moraine — together with that at the base, is floated 
off by the detached bergs, which not unfrequently capsize in 
the inlets, and thus deposit, at least, the greater part of their 
burthen before reaching the open sea. Hence, could the suIj- 
marine surface be inspected, it would in all probability be 
found to consist of tenacious clay, imbedding a long line of 
boulders, shells, and bones of seals and other marine animals. 
This matter must frequently be re-arranged by the enormous 
momentum of ice-bergs grounding on it. Dr. Brown mentions 
the case of a berg which, in 1867, he observed at the mouth 
of the Waygatz, carrying a block of rock that, even at a dis- 
tance, looked as large as a good-sized house. 

Greenland, though so intensely cold, and apparently so 
cheerless, is full of interest to the naturalist, and by no means 
without profit for the merchant. The outskirting land sup- 
ports a luxuriant growth of from 300 to 400 species of plants, 
some of which ascend to the height of 4,000 feet; many 
species of seals, and whales, and fish sport in the waters, which 
are also occupied by invertebrate animals and seaweeds ; 
every rock swarms with water-fowl, whilst land-birds from 
the south visit the country as a nesting-place ; countless herds 
of reindeer browse in some of its valleys ; the bark of the 
fox is to be heard even in the depth of winter ; and the polar 
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bear may bo seen all the year round. The Danes, at their 
6rst visit, found a human population there of 30,000 ; and 
within their own possessions there is at present a healthy, 
intelligent, civilised race of hunters of not less than 10,000 
souls. Exclusive of home consumption, the annual exports of 
the settlements amounted in 1835 to 9,569 barrels of seal- 
oil, 47,809 seal skins, 1,714 fox skins, 34 bear skins, 194 
dop skins, 3,437 lbs. of eider down, 5,206 lbs. of feathers, 
439 lbs. of narwhal ivory, 51 lbs. of walrus ivory, and 3,596 11b. 
of whalelx>ne. 

Geologists have long taught that, at least, the west coast of 
Greenland is slowly sinking lielow the sea. This doctrine is 
contirmed by Dr. Brown, who recapitulates the principal points 
of the evidence on which it rests. The following are amongst 
the facts he enumerates : — Near the end of the last centiuy a 
small rocky island was observed to be entirely submerged at 
springtide high-water, yet on it were the remains of a bouse, 
rising six feet above the ground ; fifty years later the sub- 
mergence had so far increased that the ruins alone were ever 
left alwve water. The foundations of an old storehouse, built 
on an island in 1776, are now dry only at low water. The 
remains of native houses are in one locality seen beneath the 
sea. In 1758 the Moravian Mission establishment >vas foimded 
about two miles from F'iskernsesset, but in thirty years they 
were obliged to move, at least once, the posts on which they 
rested their large omiake, or seal-skin boats. Some of the 
posts may yet be seen under water. The dwellings of several 
Greenland families, who lived on Savage Point from 1721 to 
1736, are now overflowed by every tide. In one locality, the 
ruins of old Greenland houses are only to be seen at low water. 
A blublier house, originally built on a rocky islet about a 
furlong from the shore in Disco Bay, had to be removed in 
1867, as the floor was flooded at every tide, in consequence of 
the gradual sinking of the islet — a fact which had long been 
recognised. An adjacent island, on which the natives formerly 
encamj)cd in considerable numbers during summer, has become 
so diminished in size through slow subsidence that there is at 
present room for no more than three or four skin tents. Dr. 
Brown estimates the rate of submergence at not more than five 
feet in a century. 

Proofs of an upward movement appear to be equally well 
established on the north coast, where Dr. Kane, in 1855, ob- 
served and described a series of old sea-beaches rising one over 
another to considerable heights above the sea-level. “ I have 
studies,” he says, “ of these terraced beaches at various points 
on the northern coast of Greenland. ... As these strange 
structures wound in long spirals around the headlands of the 
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Qords, they reminded me of the parallel roads of Glen Roy — a 
comparison which I make rather from general resemblance 
than ascertained analogies of causes.” * 

There seems a tendency to regard this upward movement in 
the north, as well as the downward movement in the west, as 
still in progress ; in fact, to consider Greenland as a sort of 
lever, having its fulcrum somewhere between the two regions in 
which the opposite changes of relative level have been observed. 
There is nothing inconsistent in the hypothesis that a sub- 
sidence in one region synchronises with elevation in another at 
no very great distance ; and, indeed, it is believed by, at least, 
most geologists that an instance of the kind is furnished by 
Sweden, which is rising along the coast of the Gulf of Bothnia, 
sinking in the extreme south of the peninsula, but undergoing 
no change in the district of which Stockholm may be regarded 
as the centre. Dr. Brown, however, whilst cordially accepting 
the evidence of upheaval in Xorth Greenland, believes that 
movement to be a thing of the past, that the whole island 
participated in it, and that he has detected unmistakeable 
proofs, along the whole extent of the Danish colonies — and, in 
one instance, 500 feet above the sea — of a striated clay, 
containing shells belonging to species still living in the neigh- 
bouring sea. In like manner, he regards the subsidence now 
in progress as being by no means local, but shared by the 
entire country. He admits, however, that the district between 
the Danish settlements and the south coast have not been 
examined; so that he can only be held to have proved that, 
since the advent of the species of shellfish now living in the 
adjacent sea, those parts of Greenland now known to be sinking 
were at a much lower level than they are at present ; that, 
even then, the country was the scene of ice action, which, by 
depositing glacier-clay, furnished a habitat for the marine 
mollusks whose shells are now found in it ; that after this 
deposition the district rose slowly above the sea, and attained a 
sub-serial height of many hundred feet ; that if the process of 
elevation resembled that in the north of the island, it was 
broken by protracted periods of intermittence, during which 
the successive terraces were fonned ; and that, at lengtli, there 
set in a movement in the contrary direction, which is still in 
progress. It does not appear from the evidence at present 
before us that the downward movement is necessarily shared by 
the north, or, indeed, that the elevation has yet ceased there. 
On these points we need further information. 

It is obvious that whilst the changes just described take us 
slowly and far back into antiquity, they fail to reach the com- 

• “ Arctic Explorations,’ vol. ii. p. 81. 
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inonccment of the glacial condition of the country. The clajrs, 
which, notwithstanding the present slow subsidence, are still 
51K) feet ii})uve the sea-level, were due to glacial agency, and 
must have Ix-en deposited when the areas in which they occur 
were far heUm the sea. They are occupied, too, by shells of 
the same species as now live in Greenland waters, and thus 
denote that tlie climate has not changed. 

The existing ice-sheet, which so completely covers the land — 
concealing alike the tops of the mountains and the valleys 
which sepwrate them — is elo(juent of time. It represents, not 
the accumulated total snows of ages, but the sum of the annual 
surpluses — the remnants of the yearly precipitation which the 
i-onjoined actions of evaporation, ice-flow, and sub-glacial 
streams have failed to remove — the hoarded capital resulting 
from the excess of ice-income over expenditure in every form. 
.\nd yet this income is estimated at no more than ten inches 
annually, so that the yearly savings must have been very in- 
considerable in themselves — probably an inch or two, at most. 
'I’heir aggregate is vast, merely l>ecause the time of accumu- 
lation has lieen very protracted. 

It is obvious that the geologist’s chance of finding fossils is 
limited to the outskirting land. Here, however, and especially 
near Atanekerdluk, on the western coast, opposite Disco Island, 
in latitude 70° N. — termed North Greenland by Dr. Heer — he 
has l)cen eminently suceessfid, as has been alre^y remarked. 

From the Report of Professor Heer, it appears that the 
specimens collected by Mr. Whymper and Dr. Brown contained 
H!) species of plants, of which 20 were entirely new to science ; 
that we are now acquainted with a total of 137 species from 
the same l>eds and localities ; and that the deposits which 
yielded them lielong to what is known to the geologist as the 
-Aliocene ago — a period very remotely ancient, no doubt, when 
measured by even the largest unit employed in human history, 
but not very far back in the vast antiquity of the world. It was 
separated from the close of that era in which our chalk beds were 
formed, by a period termed the Eocene, and, in all proliabibty, 
by an earlier but unrepresented interval. It was long prior, 
on the other hand, to the first appearance in the world of any 
existing species of (juadrupeds, and though some of the kinds 
of shell-fish now living were also living then, upwards of fifty 
per cent, of the species forming the present molluscous faima 
d ite from times less ancient than those represented by the 
plant-lx-ds of Atanekerdluk. 

Plants of the same kind and of the same age have been found 
also in Iceland, and even in Spitzbergen in latitude 78° 56' N., 
and are wonderfully calculated to revolutionise our notions of 
tlie climate of the Arctic regions. That it cannot always have 
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been frigid, is evident from the facts that of the fossils in 
question considerably more than half the number were trees, 
whilst at present no trees exist in any part of Greenland, 
though its southern point. Cape Farewell, is in latitude 
59° 47' N., or fully 700 miles farther south than Atanek- 
erdluk ; that amongst them there were upwards of thirty 
different kinds of cone-bearing trees, including several species 
allied to the gigantic Welhngtonia at present growing in Cali- 
fornia ; that the other trees were beeches, oaks, planes, poplars, 
maples, walnuts, limes, a magnolia, hazel, blackthorn, holly, 
logwood, and hawthorn ; that they were not represented by 
leaves merely — which occurred, however, in vast profusion — but 
by fossil flowers and fruits, including even two cones of the 
magnolia, thus proving that tliey did not maintain a precarious 
existence, but ripened their fruits. Ivies and vines twined 
round their trunks, beneath them grew ferns having broad 
fronds, and with them were mingled several evergreen shrubs. 

They were by no means confined to high latitudes, for at 
least forty-six of the species have been found as fossils in Central 
Europe. So far as is at present known, six of them grew no 
farther south than the Baltic, ten have been found in Switzer- 
land, seven in Austria, four in France, seventeen in Italy, six 
in Greece, and fom: in Devonshire. In fact, these extinct old 
Miocene plants had a much wider geographical range than is 
enjoyed by their allies in the present day ; whence Professor 
Heer has concluded that the temperature of the northern 
hemisphere, at least from Greece to within a few degrees of 
the Pole, was much more uniform during the Miocene era than 
it is at present. The mean annual temperature of North 
Greenland was, he believes, 30°, and of Central Europe 10°, 
higher than it is now. 

A vegetation so luxuriant was probably the home of a large 
and varied amount of animal life ; though, up to this time, their 
remains have been but very sparingly found. Professor Heer, 
however, has detected two fossil insects — one of them a beetle — 
amongst the leaves. 

Such, it has been well remarked, was the variety, luxuriance, 
and abundance of this old Miocene flora, that if land extended 
at that time from Greenland to the Pole, it was probably 
occupied by at least many of the same species of plants. 
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OBSERVATIONS ON JUPITER IN 1870-71. 
Bt the Rev. T. W. VEBB, F.R.A.S. 



T he phenomena of Jupiter during and after the opposition 
in 1869 formed the subject of a detailed examination, 
the principal features of which appeared in the Popular Science 
Review for April, 1870. Although no very important conclu- 
sion was deduced at that time, it seemed desirable that the 
observations should be continued during another opposition, as 
the extension of a series always possesses a certain value, whether 
it may be for confirmation or correction, and either change or 
persistency would not be without its own interest or significance. 
Accordingly, on Nov. 15, 1870, the planet was again brought into 
the same telescopic field, and the results of a scrutiny carried on 
through forty-nine nights, till April 15, 1871, are now laid before 
the public. The nomenclature originally adopted having still 
answered satisfactorily the purpose of identification, we shall 
speak, as before, of the brighter parts of the disc as the Equa- 
toreal and Ttvo Temperate Zones, and of the darker stripes as 
the Tivo Torrid and Two Temperate Belts, to which must be 
added the South Sid>-torrid Belt, subdividing the South tem- 
perate zone, and the Two Polar Regions. 

A comparison of the former observations with those of 3Ir. 
Hledhill, at Mr. Crossley’s observatory, Halifax, and those of 
Professor flayer, at Lehigh University, U.S., has brought out 
an unsuspected omission on my part, to which allusion ought 
to be made. Though my attention was especially directed to 
that part of the disc, I never detected the thin elliptical ring 
which both those eminent observers have delinetited as extend- 
ing in one place across nearly the whole breadth of the South 
temperate zone, hut which, as far as I know, has escaped the 
notice of other astronomers. 

The present series lias been carried through with my silvered 
speculum of 9 inches, and a power of 212: as, even on those 
rare occasions when the air afforded sufficient sharpness for 450, 
there was a want of adequate light in that ocular. The atmo- 
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spheric conditions were on the whole inferior to those of the 
preceding season, and to this cause we may refer a general 
feebleness in the markings of the disc, which contrasted disad- 
vantageously with some of the former views. A suspicion, 
however, does exist that the cause may have lain in the planet’s 
b\vn atmosphere. 

The colouring of diCFerent regions of the disc has con- 
tinued relatively unchanged; on the whole, however, it has 
usually appeared less intense and marked by less contrast 
than previously. It must be borne in mind that the memory 
of the eye is no adequate substitute for actual comparison ; 
yet it seems probable that some amount of equalisation has 
taken place, and from several observations it may be inferred 
that some sides of the globe present more plainly than others 
the remains of the contrast so fully developed in 1869, between 
the brownish yellow of the equatoreal zone and the grey purple 
of the North temperate belt. The North polar region has bwn 
sometimes noted of an iron-grey hue. If we now proceed to 
refer to other details, commencing from North, we find this cap, 
or clearing, which, divested of its foreshortening, must be of 
very considerable extent, little varied in appearance. Its 
streakiness is once only expressly recorded ; on another occasion 
it is referred to as barely, if at all, perceptible, and was always 
very inconspicuous. The South edge of this region, however, 
exhibited many changes, in part physical, in part merely op- 
tical, from the various presentations of the globe. Towards the 
North temperate belt there was always a lighter tract, some- 
times only an undefined greyish space, at others a sharp white 
zone. Dec. 14, this zone was of considerable breadtli, and 
divided, nearer to its North edge, by a narrow belt, darkest in 
the centre of the disc, and diverging towards North in its East 
half, which was also somewhat wavy or ragged. This streak, 
a feebler companion to the great North belt, was frequently 
seen, but seldom in such perfection, and sometimes could not 
be detected ; traces of its irregular form returned once or twice, 
but much less distinctly : it evidently occupied in strengtli but 
a small portion of the circumference, and as the season went on 
tliis region became less strongly marked. 

The Nwth Temperate Belt, though still a prominent fea- 
ture, was repeatedly noted as considerably feebler than for- 
merly, or approximating to the two torrid belts in colour 
and depth. Its character in these respects varied either 
actually, or from optical causes, or both. On some occa- 
sions, especially Jan. 7, I thought it had a yellowish fringe 
on the South side, as I had remarked more than a year before, 
and on Jan. 16 I fancied such an appendage on either edge. 
Two or three times it seemed to thin off a little towards the East 
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limli. Dec. 23 it was streaky, and there appeared to be a tliin 
bright zone in its centre: this was again suspected Jan. 20, 
when a minute luminous stripe seemed to divide it into two 
very unequal jwrtions, the narrower North ; but it was a very 
difficult oliservation : this occurred during one of its browner 
aspects. Insulated fK)rtions of such a zone, and dark spots, 
wert.‘ at other times more readily perceived. Dec. 21, 1 thought 
there was a lighter included portion for about one-fourth of its 
length in the centre of the disc. Jan. 9, a similar break inter- 
vened between tw'o dasky, probably roundish spots, about one- 
sixtli of length apart. Jan. 25 and 26, there were two such 
spots, without any [s-rceptible stripe between them ; the time 
of rotation shows that these must have been different, and there 
were probably many. Feb. 7, I suspected that there were two 
smaller spt>ts, connected by a lighter space, and a larger one 
further advanced across the disc. March 22, there was a dark 
knot on the belt somewhat beyond the centre, from which a 
ragged projection slanted a little way North-East into the 
brighter adjacent space : for about one-fourth of its length 
from that knot the great belt seemed paler; but I could not 
make out with certainty whether there was a second spot where 
it recovered its usual tone. 

The North Temperate Zone was still noticed from time to 
time to Ik- the most luminous part of the globe, but only slightly, 
and not, as formerly, conspicuously so. It was also not quite 
so free from disturbance. Jan. 25, when there were two dark 
spots in the adjacent North temperate belt, I had at best 
moments a difficult glimpse of something like a very thin 
dusky loop, or inverted festt)on, connecting them, and project- 
ing across one-third of the breadth of this zone. On the follow- 
ing night I fancied a very narrow dark stripe across the disc 
close to the edge of the North temperate belt, not verified, 
however, some hours later. March 22, when there was, as just 
described, a ragged projection from this great belt to the North, 

I had a doubtful suspicion that the central part of the belt was 
attended by some very slight wispiness, or thin loops, intruding 
into this zone. 

We now reach the Equatorial Region., which seemed un- 
altered in its proportions, and on Nov. 18 was observed to lie 
obviously South of the centre of the disc. Its colour, un- 
changed, though probably diluted, has been already adverted to. 
The two Torrid Zones were often noted as narrow, and often as 
equal ; but the South was sometimes considerably broader and 
darker than the North, which, on Jan. 26, was barely visible. 
The markings in the included space, though seldom so clearly 
made out as formerly, had exactly the same form, and the 
‘ head-and-hollow ’ character was always apparent, whenever the 
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state of our own air, or, as often seemed to be the case, the 
lateral fusion of the luminous masses, did not reduce them to a 
state of feebleness and indecision. The elliptical areas were 
sometimes so huninoua on their South, and shaded, apparently, 
on their North sides, that with a less powerful instrument they 
might readily assume an imperfect zone-and-belt aspect, and as 
such it may be suspected that they have been sometimes de- 
lineated. The size, though not the general form, of these areas 
and their inten^als, as far as could be distinguished, varied in 
different parts of this coloiured girdle. 

The &>uth Temperate Zone, or rather its principal feature, 
the South Sub-torrid Belt, has undergone Considerable change 
since 18fi9-70. At that epoch the belt assumed the form of a 
spiral, so gradually evolved as to l)e sensibly parallel to its torrid 
neighbour for a great part of its length, and dissipated before 
it reached the opposite side of the zone, or the meridian where 
it commenced ; leaving a vacancy which was occupied by the 
great ellipse of Gledhill and Mayer. In consequence of inter- 
ruptions, and especially of weather adverse to minute examina- 
tion, I never obtained satisfactory views of the whole of this 
zone ; but 'it appeared to me that after a certain degree of 
divergence, and subsequent parallelism as before, a cun e of 
contrary flexure succeeded, and the Ijelt returned to a junction 
with itself, a little beyond its origin. On another side of the 
globe, however, but how situated relatively to this intersection 
I cannot sjiy, it exhibited an interesting featiue in sending off 
a curved branch in a South-West direction across the zone, which 
extended convex towards South till it actually or very nearly 
merged in the South temperate belt. When once the air was 
exceptionally still (Dec. 22), it appeared to start from a small 
separate base. West of which was a bend in the original belt, 
and a minute very dark spot of perhaps 0"*5. It was seen 
ivgain with another spot on Jan. 25. The belt exhibited similar 
variations in breadth and darkness to those noticed in the pre- 
vious season, and frequently details of obviously an interesting 
character were too feeble for satisfactory \dsion or delineation. 

The South Temperate Belt varied greatly in aspect, being 
sometimes divided into two parallel streaks, of which one 
formed a companion to the sub-torrid belt ; at others broken 
up by white patches, which, from the general feebleness of the 
belt, were seldom very distinctly Iwunded. Not unfrequently 
it was so faint and diffused that very little could 1)e made out, 
and a general washy appearance extended from the sub-torrid 
belt even as far as the Pole. Occasionally, however, the South 
Polar Belt had an independent and tolerably conspicuous 
existence. 

Such have been the principal phenomena of this season. 

V 2 
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Three figiires are introduced rather as illustrations than as 
portraits, for the original drawings were felt to convey but an 
imperfect idea of the minuter details, and in the process of 
wood-engraving the fainter portions are almost of necessity too 
prominent. It may be justly thought that our knowledge of 
this grand planet has gained but little from these obseiv ations. 
Still, a few deductions may be hazarded. We may safely 
assume that the planet is surroimded by an atmosphere charged 
with vapour ; and if analogy has led to the supposition that 
the brighter stripes indicate the presence of a material like 
cloud, there is nothing in observation to contravene it. It has 
been doubted whether in the clearer intervals we actually see 
the body of the planet ; but the great contrast between the 
zones and belts renders it probable that in the latter we look 
upon the real surface, though the much greater darkness of 
some of these bands seems to show that others represent only 
a semi-transparent atmosphere, and none possibly may be qmte 



Fio. 1. 
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1870, Dec. 14d. llh. 10m. 1870, Dec. 22d. 10b. 33m. 1871, Jan. 25<L 8h. dm. 



free from the interposition of a nebulous veil. There have of 
late been none of those very dark spots in which it is more 
bkely that the real siuface comes into view. 

That the prevailing equatorial direction of these clearer 
tracts is caused by the swift rotation of the globe, has long 
been taken for granted, without, as it would seem, suflBcient 
attention being given to the question in what way such a 
result would follow ; and in this inconsiderate acquiescence I 
had long shared, till the remarks of an ingenious friend sug- 
gested further inquiry. As far as I can sec, three explanations 
only suggest themselves : 1. There may be a certain amount 
of friction against some gaseous material diflFused through space ; 
but this seems improbable from the density implied in the retard- 
ing medium, and from the effect of such retardation on the diur- 
nal period; or 2. There may be some kind of electric or magnetic 
polarity developed by such rapid rotatory motion : a hypothesis 
too obscme to be adopted as long as any other can be devised ; 
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or 3. Such a direction may result from the different values of 
rotation at different heights in the atmosphere, combined with 
the expansion and ascent, or condensation and sinking, of the 
aerial strata in contact respectively with the warmer globe or 
cooler expanse of space : an idea supported by the analogy of 
our own trade-winds. But if we adopt this solution, it will 
lead us somewhat further. We shall find it expedient to 
assume a more regular distribution of heat over the surface 
of that globe than exists upon our own, and some consequent 
difference in its origin ; for notwithstanding perspective fore- 
shortening, belts are occasionally traceable at great distances 
from the equator. A drawing made on Dec. 22 shows a 
defined belt in a South latitude of probably 60° or 65°. Now 
since the situation of the terrestrial axis at either equinox is 
equivalent to the average position of the axis of Jupiter as 
far as solar radiation is concerned, we may suppose that if 
the warmth of Jupiter were derived wholly from the sun, the 
temperature of his equator would bear a similar proportion 
to the temperature of lat. 60° or 65° that the temperatiure of 
the terrestrial equator does to the mean equinoctial tempe- 
rature of the parallel of Iceland ; and that consequently the 
warming of the lower stratum of the atmosphere by contact 
with the globe would in all probability be too much reduced 
to admit of the formation of definite zones and belts ; espe- 
cially when we add to this the diminution to half its value 
of the velocity of rotation in that latitude. Hence, then, it 
would appear not improbable that a considerable portion of 
the heat of Jupiter may be of an unborrowed character. 
This idea, which has been advocated on other grounds, seems 
favoiu-ed by another circumstance. Were his temperature due 
merely to solar radiation, the currents ascending from the 
hotter equatoreal regions would be observed to deviate to some 
extent in an oblique direction, their lateral diffusion being 
unrepressed by equivalent expansion in remoter latitudes ; the 
phenomena, however, afibrd but very equivocal instances of 
any such tendency, the oblique arrangements which are occa- 
sionally visible being too irregidar in aspect or inconsistent in 
direction to be referred with safety to this origin. It must be 
admitted that the foundation of such an attempt at explana- 
tion is very insecure ; still, till some more probable solution 
may be devised, it seems to present the least amount of diffi- 
culty and inconsistency. And as we believe that our own globe 
possesses a certain amount of internal temperature, independent 
of that derived from solar radiation, there is an antecedent 
probability in extending the analogy to globes of greater 
dimensions, such as Jupiter, and we may add Saturn, whose 
similarly belted surface no doubt indicates a similar constitu- 
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tion, and where the position of the axis enables us to trace a 
circular arrangement even to the vicinity of the Poles, and to 
infer with little chance of error, that notwithstanding the 
slackened rotation, arctic and antarctic belts exist upon J upiter 
also. 

As to the ptissible extent of this atmosphere, we liave little 
to guide us. No observer, however powerful may l.»e his 
optical means, has ever recorded any deviation in the outline 
of the limh as it traverses successively the darker and brighter 
portions ; and yet a considerable depth would seem to be re- 
quired, to admit of a difference in the velocity of rotation 
between the upper and lower regions, adequate to the pro- 
duction of 8»> persistent a streakiness. The fact that this 
streakiness affects the whiter more than the yellower parte of 
the disc may be significant as intimating that the yellow 
vap^iurs, if such they are, are of less vertical thickness, what- 
ever may be their relative situation in the atmosphere. I 
am, as l>efore, douldful as to the existence of any such fading 
of the ends of the dark strijies as might arise from imperfect 
transparency in their clearer air. On some occasions I have 
believed that the North temperate l>elt has been fainter 
towards its extremities ; and on Jan. 20 I thought the fall- 
ing-off much more perceptible in this than in the other Ijelts; 
which, if such delicate variations at the extreme verge of 
optical power could be trusted, might accord with the suppo- 
sition of its greater vertical depth. At other times the whole 
of the belts preserved their tone very fairly to their extre- 
mities; and my impression is confirmed that either optical 
deficiency has vitiated some previous representations, or that 
the condition of the planet’s atmosphere has been on such 
occasions widely different from that which it has now long 
maintained. 

There seems little doubt that for a considerable time the 
North has possessed a clearer sky than the South portion of the 
planet. The coincidence with the period of summer in that 
hemisphere will be remarked : nor need the slight inclination 
of f he axis be considered a bar to the natural conclusion, since, 
when the whole constitution of the globe is evidently very 
unlike our own, there is nothing forced in the supposition that 
a slight difference of inclination might be much more influ- 
ential tlian in our own case. At present it is a mere suggestion, 
arising from slender evidence, and requiring further observations 
for its confirmation. 

The most singular feature of the disc continues to be the 
prevalence of these elliptical areas, which it is so difficult to 
explain by any terrestrial analogy. That they are not confined 
to the equatorial region, and in fact do not there attain their 
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largest dimensions, appears from the very curious object deli- 
neated by ilayer and Gledhill ; while some older drawings by 
one of our first observers, which I have been pennitted to see, 
prove that they have been in other seasons abundantly developecl 
in less central latitudes. At present we seem far from any 
solution of this mystery, while so little of a similar character 
can be traced among the cloud-masses of our own skies. 

It may be worth consideration whether the superior bright- 
ness of the interior of the disc might lead to any inference as 
to the nature of the reflecting material. It is well known that 
the difference, though not perceptible by the eye, is very 
material, as we can in no other way explain the singular change 
occasionally noticed in some of the satellites to chocolate-colour 
or even absolute blackness during the time of transit. It 
would be interesting to know whether this very remarkable 
efiiect of contrast has ever taken place in front of the dark belts ; 
more probably it has been confined to the luminous zones. 
Experiments might perhaps be devised which might show 
whether the more compact and regularly rounded of our white 
terrestrial cumuli exhibit any similar inequalities of luminosity, 
dependent on the angles of illumination and reflection. Many 
points of interest may probably be elucidated by other means 
than direct telescopic vision ; and we must look forward with 
especial interest to the results which are, we trust, reserved for 
the magnificent apparatus and experienced eye of Dr. Huggins. 

A comparison of the sketches taken by myself during the 
years 1869, 1870, and 1871, with the exquisite views of Dawes 
in 1857 (‘Monthly Notices of K. A. S.,’ xviii. 8, 50, 72), pre- 
sents so much similarity in various respects, as to lead to a curious 
suspicion that the whole atmospheric shell of the planet, with- 
out any material disturbance in its relative arrangements, may 
have been shifted Southward by more than half the breadth of the 
equatorial zone ; the South torrid belt, identified by its attendant 
festoons, occupying at that time a position very near the centre 
of the disc ; while several of the characteristic features of what 
we have termed the South temperate zone and belt are to be 
recognised in a corresponding position of greater remoteness 
from the Pole. So lively was the first impression of this that 
I thought it might have been at once accounted for by a re- 
versed presentation of the planet’s axis ; but on considering 
the dates, as well as the position of a satellite sketched by 
Dawes in transit, I found that no such explanation could be 
admitted. However little weight may be due to such a com- 
parison, it suggests, at any rate, the desirableness of micro- 
metric measurements of the latitude of the principal belts 
during future oppositions. 




284 



POPULAR SCIENCE EETIEW. 



THE INTERNATIONAL EXHIBITION AT SOUTH 
KENSINGTON. 



Br S. J. MACKIE, C.E. 



[PLATE LXXV.} 






T he present Exliibition is by no means comparable with the 
matpiiticent afiairs of 1851 and 1862 in this country, and 
in France in 1855 and 1867. The professed purpose of the 
annual Exhibitions at South Kensinj^on, now understood to be 
inauf^irated, is the illustration of the special progress made in 
particular sections of manufactiues and science in respective 
decades of years. In the present — the first of the series — woollen 
materials, machinery, and fabrics, are supposed to be specially 
represented. Pottery is also an item. These two groups of 
manufactures and industries are expected to be on their trial, 
and the advance made since 1862 to be recorded in the reports 
which are to be published. Pictiu-es, sculptures, and the 
various illustrations of the fine arts, as well as inventions, will 
always find admission, and, like the flowers in the Horticultural 
Gardens which the Exhibition buildings inclose, will blossom in 
full vigour year by year. The second and following Exhi- 
bitions will be devoted specially to other branches ; until, 
after a decade of Exhibitions, the return will be made to 
woollen and pottery, and then mil recommence another series 
of similar competitions. 

The llorticultimd Gardens form nearly a square area, con- 
taining alwut twenty-two acres ; and the present permanent Ex- 
hibition biiildings have been erected along the cast and west 
sides, in blocks of two storeys each. At one end of the gar- 
dens portions of the exhibits are located in corridors leading to 
the Allx-rt Hall, in which also a great number of pictures, 
fabrics, educational and other articles, are arranged. Across 
the opposite end of the Gardens there are temporary buildings, 
where the Mcyrick collection of armour, military weapons, 
astronomical and other instruments, are displayed. The two 
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subjects which form the text of our present brief review will 
be the machinery for woollen fabrics and the new inventions. 

In regard to the woollen machinery, the whole of the pro- 
cesses, from the animals producing the raw material to the 
finished cloth, are represented, and the entire range of woollen 
manufacture can be followed through by visitors, under the 
guidance of anyone versed in the subject. The necessity of 
locating each exhibitor’s goods by themselves renders impos- 
sible that arrangement in consecutive order which would 
enable this to be done without such assistance, although this 
has been partially attempted. The animals include some 
foreign ones sent by the Zoological Society and Miss Biudett 
Coutts, and British sheep sent % jNIr. Wallis and others. 

The first process in respect to the actual manufacture of wool 
is the washing of the sheep to cleanse its fleece. For this pur- 
pose the apparatus contributed by Messrs. Gwynne — a sort of 
water-pipe cage — is admirably suited, within which the sheep 
is placed. These pipes, forming the frame of the cage, are per- 
forated, and through them numerous small streams of water, 
raised by one of their excellent centrifugal pumps, intersect in- 
wards, pouring in all directions upon the animal. As the water 
issues under some considerable pressure, the washing is much 
more thorough and effective than it could possibly be by any 
amount of hand labour, and the machine also saves one man’s 
labour in holding the sheep. The next operation in the series is 
the shearing — the taking the raw material off the back of the 
animal. This also is illustrated by another machine by the same 
eminent firm. As a pump for raising water for such purposes, 
the direct-action pump of Messrs. Hayward, Tyler & Co. also 
merits attention. 

We have next displayed the raw material in samples of 
numerous kinds, spread all about the Machinery Court. There 
are good and bad sorts, as a matter of course ; but what we have 
mainly to do with, in respect to the machines required to work 
the wool, is the length of the staple or fibre. This is short, or 
long, or short-long, as it may be called. For example, short is 
wool under, say an inch and a half ; short-long is, say three inches ; 
and long may be six inches, or even more, in length. The machines 
are usually made to suit these respective qualities. The short 
wool may be passed direct to the “ burring” machine, in which it 
is subjected to a loosening and shaking action in a rapidly re- 
volving cylinder, and thence through a series of carding cylinders, 
the object being to get out the “burrs” or seeds and other hard 
substances which adhere to, or get mixed with, the sheep’s 
fleece. After the wool has been scoured — Mr. Petrie’s machine 
typifies this process — it is partially dried, and the wool then has 
to be passed through an oiling process to soften and straighten 
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the fibres. A Beljjian machine for this purpose is shown in 
the Exhibition by Messrs. Curtis, Parr & Madeley. This card- 
inp process has to be continued through a series of carding- 
engines, in order to free and clear the wool suflficiently for 
spinning into yam. These machines consist of an arrangement 
of cylinders coated with a very even brush-work of fine wires, 
call^ cards, which, working in contrary directions, pull open 
the wool and lay the fibres evenly in the direction of their 
length, the foreign substances falling away the more entirely 
tlie more perfect tlie machines and the more thoroughly they 
perform their operations. The three carding-engines displayed 
by the Messrs. Platt, of Oldham — the finest machinists of this 
class in the world — will be regarded with admiration. The 
first of these carding-engines is called the “ scribbler ; ” the 
second the “intermediate;” the third “the finisher and con- 
denser.” We have selected their “ finisher and condenser ” for 
our illustrative plate, as the type of the best Enghsh machine 
of its class ever produced. 

This machine is in itself a study. The “ sUver ” is brought 
over from the second carder by a Scotch feed, and is laid 
beautifully on the lattice for feeding the machine. The wool 
then passes over the cylinder, being constantly combed or 
carded by the five pairs of smaller rollers called “workers ” and 
“ clearers.” On coming finally from the “ doffer,” the web, which 
is then the whole breadth of 48 inches, is divided into 74 
threads; and that part of the machine which now gives the 
slight roll or twist to these threads is most worthy of close 
attention, as an admirable mechanical motion. It is seen 
prominently in the front portion of the machine in om plate. 
There is a novel addition also in this machine of two small 
“ dicky rollers,” the cards of which go just a little way into the 
card covering of the doffer, and prepare it beautifully to 
receive the wool from the cylinder. 

When the wool comes from the machine it has the appear- 
ance, but not the reality, of threads ; the fibres simply chng 
together, and it still requires to be firmly twisted, or spun into 
“ yam.” Tliis is done by the “ mule ; ” and here again with 
pride may the superb workmanship of the famous Oldham 
house be referred to. This machine, with its 192 spindles 
twirling round so fast that their rotation is invisible ; the 
whole row of them coming forward, drawing the thread ; 
stopping ; spinning ; winding up and nmning in on the bobbins ; 
coming forward again to spin, wind, and return ; is a sight of 
which one never tires, and over which one never forgets the 
memory of the man who gave this wonderful and most useful 
machine to the world. 

We must here, in justice to its merits, refer to the machinery 
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of Mr. Martin, of Verviers ; and it will be well also to 
understand some of the distinctions between the English 
machines and those of that active iron-working country, Bel- 
gium. We see in the Belgian machinery less finish, less 
admirable workmanship, but useful good engines nevertheless. 
We see in the carding-engines that the cards are felted, and 
consequently less of the card-wires are exposed, the cards being 
consequently stiffer. ilr. JNIartin’s condenser is a novelty, and 
has excellent quaUties ; the web is parted by figure-of-eight 
straps nmning over two sets of cylinder-rings, the intersection 
of these straps acting like scissors in dividing off the threads. 
No space is thus lost in dividing the web into threads. The 
wool for these engines should be well cleaned — a process in 
which the Belgians surpass the EngUsh. 

The combing-machines of Mr. Walmsley demand special at- 
tention for the novelty of their principle — the circular rotating 
comb. There is nothing more thoroughly novel in principle in 
the entire court, and in every way they appear to do their work 
well. The combing process is of course allied to carding, the 
object being to get the wool perfectly cleared and disentangled, 
and the long fibres separated from the short. This is admirably 
done in these machines by rollers, which draw the long fibres 
firom the comb and leave the short ones in it, to be taken off by 
another set of rollers. In this way continuous slivers of long 
wool, and of short wool and waste, are simultaneously delivered 
into separate cans. 

The spinning of the yam into thread is only sliown by Mr. 
Smith’s spinning machine : there are, however, other processes, 
such as drawing and roving, which are not exhibited. We 
have traced the wool now up to the state of preparation re- 
quired for the final production of textile fabrics, and have 
arrived at the stage when it passes to the loom to be woven 
into cloth, tweed, and such like goods. The looms are of dif- 
ferent kind-s, according to the purpose for which they are to be 
employed. The plain loom has one shuttle on each side, and 
works with ordinary pickers, and a common tappet-heald 
motion ; the fancy looms have shuttles up to four in number, 
and work with the Jacquard and chain-picking motions. After 
this we have — so far as the fine wools passed through the card- 
ing engines which we have been noticing are concerned — 
finally to take a glance at the “ cloth-finishing machines,” or 
those employed to surface the goods with a fine pile or nap. 
Mr. Ferrabee illustrates this process in a very practical 
manner. 

The coarser kinds of wool, and the fibres of old fabrics, are 
also used for making felts and carpets, and other of the less 
fine goods ; and looms for carpet-weaving are well represented. 
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Mr. Hall, of Bury, stands foremost in this division ; and his 
Brussels’ carpet loom is remarkable for the simple, in- 
fjenious, and effective application of the magnet for drawing 
over into position for re-inserting the weft wires which keep the 
loop or “ pile ” up dining the process of weaving. 

Space warns me to turn to the “Inventions.” Some, indeed 
most of them, are well known to those who stand to the front of 
general knowledge; hut to the great majority of mankind 
they w’ill be at least novelties previously only heard or read 
of. The most notable of these, for any general and wide-spread 
practicable purpose in ordinary daily life, is that special appli- 
cation of photography for book illustrations called “ heliotype ” 
which we have ourselves used for the production of our illus- 
trative plate. The process is a very simple but most effective 
and practical one. 

Of all the shortcomings of all previous processes and attempts 
in this direction — the application of photography to book-work 
— the most serious and vexatious, and the most obstructive to 
commercial purposes, has been the dependence upon sunshine. 
Silver prints, each one printed by a separate act involving a 
separate and uncertain interval of time, with results in the 
pictures produced the very opposite of uniform, were found to 
be utterly impracticable. Then followed a series of very inge- 
nious and, in some cases, very beautiful methods, but in all 
which there have existed obstacles to production in commercial 
quantities and with requisite commercial rapidity and uni- 
formity. This has lieen perfectly accomplished by heliotype — 
the prints being by it printed direct from the ordinary printing- 
press by ordinary printing-ink. The impressions are thus as 
rapidly taken off as lithographs, and are as permanent and as 
uniform as the most approved classes of book or plate-printing. 
The process may be easily understood. Chromate of jxdash is 
sensitive to light, hardening in proportion to its intensity and 
tlie time of exposure ; chroraalum renders gelatine insoluble. 
Gelatine, when mixed with cliromalum and chromate of potash, 
becomes a compound sensitive to light and insoluble in water. 
It is not, how'cver, impervious in the mass ; but the parts har- 
dened by light are so. If, then, a photographic negative taken 
by the camera be placed over a thin sheet of this prepared gela- 
tine, an invisible picture is hardened into its very substance, 
and this picture la:ing impervious to water in proportion to 
the degree of hardening, rejects water like the greasy drawing 
on a lithographic stone ; the mass of the gelatine plate, however, 
absorbs the water like the body of the lithographic limestone; 
and so, just as in lithographic printing, the picture takes the 
printers’ ink from the printing-roller, whilst the plain water- 
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wet portion rejects it. There is, however, this difference in 
the heliotype plate, that it is somewhat of a spongy nature and 
swells, leaving the picture also more or less depressed according 
to the depths of the tints as well as proportionately adhesive to 
ink. The rapidity with which this process can be applied was 
well exemplified in the present instance. The order to take 
the negative was given to the Stereoscopic Company at the 
Exhibition at 8 a.m.; the negative was delivered to a mes- 
senger at 10 o’clock, sent to Willesden Lane, where the Helio- 
type W orks are located ; two hours were taken up by telegra- 
phic communications, through an accidental omission in for- 
warding instructions for dimensions, the negative having been 
taken on a large glass ; the proof was sent for inspection by 
post, returned, and the printing of the plates for this journal 
was actually commenced at ten o’clock the next morning, 
being regularly continued at hand press until the whole 
required number was completed. Ten thousand impres- 
sions can be printed from a single gelatine plate without 
deterioration, and of course any number of gelatine plates 
for working at any number of presses can be taken from the 
same photographic negative ; and these being done during 
the same period would, of course, produce results almost exactly 
identical. 

Turning to other less familiar applications of inventive skill, 
we may take Admiral Inglefield's Hydrostatic Steering Gear, 
which has been applied to some of her Majesty’s large iron- 
clad ships with perfect success. To steer such ponderous 
monsters is very far from being easy ; in rough weather from 
twenty to even forty men are rerjuired at tlie tiller, and the 
force of the waves will even then sometimes cast the whole of 
them adrift. At the bottom of a deep ship such as these 
there is the great hydrostatic pressure due to the twenty or 
thirty feet of water in which the ship swims. Admiral 
Inglefield uses this as the source of a most powerful inter- 
mittent force. He allows the water to come into cylinders, 
and to work pistons within them much after the manner 
steam would do in an ordinary engine ; and thus he acquires, in 
small hydraulic rams attached to the tiller, a motive power 
ef[ual to 1,000 lbs. to the inch of surface. A single man now, 
by this method, can steer the largest ship in the wildest 
weather. This example typifies admirably the class of inven- 
tions brought to a practical application. 

In Mr. Tommasi’s model for utilising the tides as a source of 
power for machinery, we have an idea not yet practically realised, 
and typical of another class — unrealised inventions. Men long 
ago have looked to this solemn source of enormous but totally 
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neglected power. The model in the Exhibition ia a rougfe 
on«, and tlie power exerted small. The idea is, however, at 
this moment like what the embryo windmill steam-engine once 
was — well worth pondering over. It must, however, be con- 
stantly met with antagonistic considerations, and especially 
must its probable results be compared with the known effects 
realised i)V steam. Mr. Tommasi’s model presumes that a 
large air-tight reservoir could he built in which the water of 
the tide, flowing through a pipe and rising inside, would com- 
press the air within. This condensed air would be drawn off 
as required in the service of the engines. Now two con.sidera- 
tions instantly present themselves. First, the tides rise and 
fall in very few places to the extent of twenty feet. Twenty 
feet head of water would give the compressed air only a 
pressvire of 10 lbs. on the sfiuare inch. Steam works up to 
fit) and 70 lbs. pressure, and, therefore, as a motor, would 
*)e six or seven times sujjerior. But steam costs constantly 
money for the supply of fuel to keep it up ; the tides do their 
work for nothing. We have then the interest of the money 
cost of the reservoir to put against the cost of the coal burnt. 
A five-horse jx)wer engine would consume some sixty tons of 
coal in a year’s incessant work ; the cost of a tidal air-compressing 
reservoir for a five-horse power engine would Ije, it i.s said, 
800f. ; the interest of this at 5 per cent, would be 40f. 
might reckon the coal at 15s. per ton, or 45/. One does not see 
the economy of air. This line of thought, however, should not 
Ite condemned. To utilise the tides would be a world-wide 
benefit ; but the idea has not yet been contemplated long 
enough or deeply enough for universal application. There is 
in all proljability a way to win. 

Thomson’s road-steamer, with india-rubber tyres ; Hodgson's 
wire'tramway, with the saddles of the buckets clinging on to the 
wire-rope by simple adhe.sion ; Hirdwood's coppcr-wnre steam- 
packing, the condensation of water within which forms the 
lubricant; Siemen’s electrical pyrometer, for measuring the 
degrees of very high temperatures ; Michele’s cement-testing 
machine, in which the bent lever is most ingeniously applied: 
Captain Scott’s selenitic cement ; are other examples of really 
useful and practical inventions, each of which might well 
have a page to itaelf to do justice to it. Mr. Cralloway’s and 
Mr. Warsop's aerated steam is a topic also well worthy of close 
investigation and consideration. 

Amongst instruments of precision and fine philosophical 
workmanship, very notable are Sir Joseph Whitworth’s instru- 
ment for measuring to the one-millionth part of an inch, and 
the astronomical apparatus of Messrs. Cooke, of York. 

In a short notice like the present one cannot deal in detail 
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with many objects, but it is useful at least to give indications 
of some of the most prominent and instructive. Such a 
simple record serves to commemorate the occasion, as well as 
to lead many to see and to note carefully subjects which other- 
wise might be passed by, or missed by accident or the want of 
looking for. 
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THE DESCENT OF MAN.* 

r ' may be necessary at the outset to state that, in postponing' our notice of 
the present work to this number of the Revibw, we had fancied thst 
the work was of far greater importance than it is. For great as the labour 
may have been on the part of the author, of collecting and putting together 
so vast an accumulation of facts, we should not be just to our readers did 
we not confess that the volumes are in no respect to be compared •with either 
of Mr. Darwin’s previous books. In point of fact, we might readilj hare 
noticed this work in our previous issue, had we not thought that it was 
something like its predecessors, and on that account determined to deal 
with it slowly, and at our leisure. It must not, however, be imagined that 
the work is not in every way worthy of the author, for it is a most 
important treatise, and is full to overflowing 'with facts which, less or more, 
help to prove the author’s case. 

What we mean is, that as regards the descent of man the volumes some- 
how or other contain less than we had expected of them, and, as regards the 
arguments they set forth, the author's case seems to us but little stronger, if 
anything, than before. The reader must not assume firom this that we hold 
Mr. Darwin’s theory to be in error. Far from this ; for we are convinced 
that his •views, taken altogether, are strictly and rigidly true. We are as 
satisfied that man came from some species of monkey, rather than from a 
heap of unorganised dust, as it is possible for us to be. That which we assert 
is, that Mr. Dar'win’s book is not so convincing to the general reader of the 
force of this idea, as we had imag^ed it would be. It is full of details 
which the naturalist can value, and can see how every one of them convinces 
him more and more of the origin of species by natural selection, rather than 
by any other means. But to the general reader it is a hea-vy book, without 
sufficient thread of continuity to give it adequate efiect in his mind. 

And yet it miwt bo admitted that it contains nearly all the evidence upon 
the subject, and in some cases put in a very strong manner indeed. But for 
all that, we fear that the volumes will fail to convince those who are worth 
convincing as to the origin of man. Yet how little is on the other side, 
absolutely nothing in the form of legitimate reasoning; and still the 
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Darwinian opponents call upon the author almost to show them, by 
ocular demonstration, the truth of his views. Of course such a demon- 
stration would be absolutely impossible, for those changes which Mr. 
Darwin supposes to take place have occupied millions of years in their 
performance, step by step. It is remarkable that of the various opponents 
which Mr. Darwin has raised up to his views, most of them consider 
that the shaping of an implement for use is not only peculiar to man, but 
must be so. And, after ail, is there not much truth in Sir John Lubbock's 
suggestion, that when primeval man first used flint stones for any purpose, he 
would have accidentally splintered them, and would then have used their 
sharp fragments. “ From this step it would be a small one to intentionally 
break the flints, and not a very wide step to rudely fashion them. This 
latter advance, however, may have taken long ages, if wo may judge by the 
immense interval of time which elapsed before the men of the neolithic 
period took to grinding and polishing their stone tools. In breaking the 
flints, as Sir J. Lubbock likewise remarks, sparks would have been emitted, 
and in grinding them heat would have been evolved ; thus the two usual 
methods of obtaining fire may have originated.” Surely this is nothing but 
probability, and no sane person can object to reasoning conducted on so fair 
a scale. It is not too much intelligence to expect from anything superior 
to a modem ape or baboon. Even animals lower in the scale possess very 
nearly power enough for this. “ No one,” says Mr. Darwin, “ supposes that 
one of the lower animals reflects whence he comes or whither he goes — 
what is death or what is life, and so forth. But can we feel sure that an 
old dog, with an excellent memory and some power of imagination, as shown 
by his dreams, never reflects on his past pleasures in the chase P and this 
would be a form of self-consciousness. On the other hand, as Buchner has 
remarked, how little can the hard-worked wife of a degraded Australian 
savage, who uses hardly any abstract words, and cannot count above four, 
exert her self-consciousness, or reflect on the nature of her own existence.” 
Eeally these observations are very true ; they lead us to make comparisons 
between the highest civilised man and the lowest savage, and to confess 
that the gap intellectually, if not structurally, is very great indeed. 

Mr. Darwin attempts to trace the backward career of man ; and although 
he does not bring forward a massive case in its favour, he urges some 
evidence that is of a serious nature. He says that the most ancient 
progenitors in the kingdom of the Vertebrata, at which we are able to 
obtain an obscure glance, apparently consisted of a group of marine 
animals resembling the larva of existing Ascidians. These animals probably 
gave rise to a group of fishes, as truly organised as the Lancelet ; and from 
these the Ganoids and other fishes like the Lepidosiren must have been 
developed. From such fish Mr. Darwin thinks a very small advance would 
carry us on to the amphibians. Birds and reptiles, he has shown, were once 
intimately connected together, and the Monotremata now in a slight degree 
connect mammals with reptiles. But no one can at present say by what 
line of descent the three higher and related classes — namely, mammals, 
birds, and reptiles — were derived from either of the two lower vertebral 
classes, namely amphibians and fishes. In the classes of mammals the steps 
are not difficult to conceive which led from the ancient Monotremata to the 
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tDcient MfireupialB, and from these to the early progenitors of the placentil 
mammals. ** We may thus ascend to the Lemuridae ; and the interral it 
not wide from these to the Simiadse. The Simiadie then branched off into 
two great stems, the Xew World and the Old World monkeys; and from tie 
latter, at a remote period, Man, the wonder and glory of the unirow, 
proceeded.” 

Of the manner in which Mr. Pnrwin supports the argument whidi ii 
stated as ahove, the reader must judge for himself. .\11 that can be oiged 
in its support is brought forward, and that only as Mr. Darwin can adduce it 
But the evidence is not absolutely a great deal, though relatively it is over- 
poweringly strong, and so we leave it to those who will take up tic 
volumes for themselves. 

Of the difficulties of the argument none are more familiar to anyoBf 
than Mr. Darwin, as the following passage, in which the principal difficulty 
is fully admitted, will amply show : — “ If, however, we look to the races of 
man, ns distributed over the world, we must infer that their characteristic 
differences cannot be accounted for by the direct action of different condi- 
tions of life, even after exposure to them for an enormous period of tiinf- 
The Esquimaux live exclusively on animal food ; they are clothed in thick 
fur, and are exposed to intense cold and to prolonged darkness ; yet ti«t 
do not differ in any extreme degree from the inhabitants of Southern 
China, who live entirely on vegetable food, and are exposed, almost naked 
to a hot glaring climate. The unclothed Fueginns live on the marine pro- 
ductions of their inhospitable shores ; the Ikjtocudos of Brazil wander 
about the hot forests of the interior, and live chiefly on vegetable ptodoc- 
tiens ; yet these tribes resemble each other so closely, that the Fuegians on 
hoard the Beagle were mistaken by some Brazilians for Botocudos. 
Botocudos again, as well as the other inhabitants of tropical .America, ate 
wholly different from the Negroes who inhabit the opposite shores of 
Atlantic, ore exposed to a nearly similar climate, and follow nearly the same 
habits of life.” 

Thus we see with what fairness and honesty Mr. Darwin tells of tha 
facts against himself ns well as in his favour. Of the contents of 
volumes we can only say that they are extremely interesting, and they align 
toward his theory of man’s origin. But ho has not got a clear ca.«e, 
though all the testimony is with him and none on the other side ; if is 
and complicated, and we do not think that the mass of naturalists will 
accept some of the conclusions which we have extracted. What they 
say will probably be this : “You are right as to your theory of man's ongitsi i 

ho undoubtedly has come from the monkeyj clrss, hut we cannot sccepi I 

your transition line as perfect, and we somewhat regret that you havt 
drawn it so far at present.” , 
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THE BEGINNING.* 

rpTIERE are among the lower strata of the world of scientific men certain 
X persona who, without a sufficient knowledge of what has been done 
have yet very definite and distinct views, which they imagine are all 
rigidly true and correct. Such men are generally looked up to by the 
inferior class among whom they travel, and they very seldom go amon<'st 
their superiors in knowledge. Of such a class astronomers are, to those wlio 
have to do with journalism, a tolerably famiUar group. There is the man 
who, with a certain knowledge of geometry, has sought to prove that the 
earth stands still, and the sun does the work which most of us attribute to 
the earth. Then there is the author who delights to find comets of a sub- 
stantial character, and the man who proves finding the sun’s distance by no 
means liho what it is represented to be, and so on. Now, of a similar class- 
hut it must be confessed with much more learning at his hand, and with a 
far greater degree of reason at his call— is the author of the present volume 
Mr. Ponton is not of the lunaUc class of most of the authors to whom we 
have referred. His book is only a Uttle unreasonable; it is by no means 
badly written, and to the general reader it contains a considerable deal of 
information. But so far as anything novel is concerned, the book is 
absolutely and completely barren ; it has not a single fact that is new, nor 
anything worthy of serious consideration in the shape of ideas or reflections. 
Nor dws the title convey a proper idea of the nature of the book, for it has 
very little to do with the beginning; and wliat tlie author's aim has been m 
accumulating together, in a hook osten.sibly upon the imiverse, such a series 
of plates respecting dta/omaccre dcsmidea, and their allies, we cannot for a 
moment imagine. It seems to us ns if the author was a microscopist ; and 
that, having written a work on such a gigantic subject as the universe he 
thought it a pity not to make it include the sum-total of his labours. 
Such, it appears to us, must have been his idea ; and if the conjecture be 
correct, we cannot blame him too much for so utterly senseless a proceeding. 
We must do Mr. Adlard the justice to say that the plates in the volume 
are exceedingly well drawn, and ore very good representations of the struc- 
tures they are intended for; indeed, tout eutier, this is the bett part of the 
work. 

Of the contents of the book wo know not well what to say. The first 
few chapters— on the antiquity of matter, the terraqueous globe, solar energy 
v^c. — contain few blunders, and are well written, and interesting general 
refuling. Of cour.-e, in regard to the sun, the matter is comparatively 
speaking old, and the information conveyed inaccurate in some ca.ses ■ but 
altogether this part of the volume is not so bad. When we come to the 
niore essentially animal part of the volume, wo find the author puttin<r forth 
his own ideas more freely and more frequently. It is true that a greal deal 
of this part of the book is taken from that admirable treatise of De 
Quatrefages, on the “ Metamorphoses of Man and Animals,” and so far is 
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excellent ; but a great deal is taken from other less authoritative works, and 
is mixed together with the author's own speculations. Finally, the last 
part of the work deals with the author’s own ideas on the first chapter of 
Genesis, and treats upon its successive creative epochs and the divine 
authority of the Hebrew records. On this portion we must distinctl}' decline 
to enter. 

A few quotations will represent what we have said of the author's original 
ideas better than any words of ours ; and they will put the reader, too, more 
thoroughly in acquaintance with some of Mr. Ponton's notions. In en- 
deavouring to prove the existence of a human soul, he argues as follows : 
“ Take the familiar case of human thought. Man cannot e.xercise his intel- 
lectual any more than he can his physical powers, without food ; but the 
food ought not, therefore, to he regarde J as the origin or cause of his thoughts. 
Xeither can thoughts he deemed the representative of the food. The two 
things are incommensurable, and incapable of mutual comparison. It can- 
not be affirmed that a pound of food will produce so much thought, in 
anything like the same sense in which we can say that a pound of food will 
produce a certain equivalent of muscular action ; or that a pound of fuel 
will produce so much heat, which may he employed to raise a certain weight 
a foot high. The food, in its relation to thought, acts somewhat like the 
spark applied to the powder magazine. The vast mechanical force attend- 
ing the explosion represents the motive energy, not of the tiny spark, but 
of that statical power which was treasured up in the gunpowder. So human 
thought docs not represent the food digested in the human stomach, but u 
t/w re-tull of the innate pott er with which Ood has endowed the living being mnn. 
It is in the motions requisite to maintain the mechanism of his organism!, 
and those which he voluntarily performs, that we are to seek the equivalents 
of the physical energy imparted by the food which he digests and oxygen 
w-hich he inhales. But his thoughts are something beyond all these, and 
are the manifestations of mans inherent potoers as a rational living being.” 

We do not care to waste space in analysing the preceding passages, for any 
of our readers can do it for himself. At the very utmost, all the writer was 
justified in asserting was, that he did not know anything further about the 
question of thought; hut the manifest absurdity of the argument in favour 
of a soul is clear enough, from the fact that it applies with as much force to » 
parrot or a crocodile as to man. Another, and somewhat more extraordinary 
effusion of Mr. Ponton, may be found in his observations on the coal measures 
which ho supposes to have taken their origin long before the period of the 
formation of the sun. He says: “Looking, then, to the peculiar characters 
of the vegetation buried in the coal formation, to the difference in the condi- 
tions of climate which must have prevailed on the globe while it tiourished, 
and to the immense remoteness of the epoch when those needful conditions 
were likely to have subsisted, it becomes a highly probable conclusion, that 
that earliest vegetation clothed the surface of the earth long before the stm W 
begun to shine upon our globe — being sustained by those luminous and themi«! 
vibrations which have been shown to have partially existed as the earlic.-^ 
of all physical phenomena, and before the establishment of anv centres of 
motive energy.” To this geological theory we have only to express our 
utter amazement at the marvellous workman.diip of the coal formation! 
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and the fossils which it contains, sustained by such peculiar showers of 
light as the author imagines. One of the most interesting chapters is that 
headed Protoplasm. In this the author endeavours to attaek Profe.ssor 
Huxley’s well-known essay in the “Fortnightly lleview’’ (February, 1809), 
and less or more to side with its chief opponents. Professor Lionel Beale and 
Mr. J. II. Stirling. This chapter wo shall not dwell on, as we fancy the 
reader, whichever side he takes, will be sure to find it out and read it for 
himself. If he reads it carefully, it is utterly impossible not to see how the 
author confuses and confounds Professor Huxley's argument, and after all 
gives nothing hut plain point-blank assertion in opposition. The reader will 
be amazed, too, to observe that, after using Beale and Stirling against Huxley, 
he himself comes to some conclusion different from both, and which appears 
to us to support the notion of a sort of spiritual organisation which is staud- 
ing up within the ordinary physical being. This part of the work is the 
most palpably ridiculous of the whole, and having noticed it, our readers 
must expect us to go no farther, but to leave the work to them, in the faint 
hope that their verdict may be less severe than ours. 



POPUL.\ll .ASTBOXOMY.* 

A stronomy is very nearly taking the place which years since was 
occupied by the aquarium and marine zoology. The spectrum has lent 
it quite a novel interest, and so much interesting work has been done upon 
the constitution of the sun within the past ten years, that really astronomy 
seems likely to have os great a hold upon the popular mind us any of the 
lighter scientific pursuits. The work before us puts forward, as a special 
claim to popular favour, that it is written in a style to attract the general 
reader; and further, that it contains none of those algebraical studies which 
are common enough in treatises on astronomy, and which frequently drive 
away from the study of the stars those who do not understand either algebra 
or geometry, but who would otherwise gladly learn the constitution of the 
heavens. Such in general temis is the argument of the author, who attempts 
to put astronomy before the reader in ns simple and intelligible a manner os 
possible. Still, we must confess that, to our minds, he has not been very 
successful. He has written a book, no doubt, which contains nought but 
what has heen over and over again taught in some shape or other ; but his 
style is, in our opinion, utterly unsuited to a popular writer. His sentences 
are very long, some extremely so, and his language is by no means simple ; 
so that though his book might well be read and advanUigeously studied by 
the fully educated man, we fear much for the great mass of readers to whom 
his work is addressed. Indeed, in this respect it falls far short of Mr. 
Proctor’s splendid work upon the sun, which we recently noticed, being 
neither in the novelty of its matter, nor in the case of its style, in the 

* “Astronomy Simplified for General Reading,” with numerous new 
Explanations and Discoveries in Spectrum Analyses, &c. &c. By F. A. S. 
Bollwyn. London : William Tegg, 1871. 
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slightest degree comparable with that splendid volume. As regards the 
method of description pursued by the author, we admit freely that he pur- 
sues hb plan of teaching without the aid of mathematics ; but still his pagei 
are not light reading, however accurate they maybe. Here is a fair specimen 
of his work; it is from his chapter on the sun : — 

“ The sun exhibits every characteristic evidence of a body enveloped in 
an atmosphere of flame, the lower part of his atmosphere being compara- 
tively dark, coinciding with that portion of the flame of an ordinary candle, 
or other body under combustion, intervening between the brightest portiia 
of the flame, or region of white light, called the jikotonphert ; and above 
that a region in which coloured flame or light b sometimes manifer-led, 
especially along the edge.s of the solar disc, and which last region is called 
the chromosphfTf. Ilut for a singular peculiarity of the solar disk, however, 
to which great interest and attention lia\e been of late years attracted, we 
should probably never have been able to discover that the solid matter of 
the sun was not co-extensive with its apparent dimensions or luminoui 
appearance, or to have known, as we now definitely do, that the real body of 
solid mass of the sun is a dark sphere of matter confined within a fiery 
prison-house — a robe of fiercest flame. The peculiarity we refer to b whs! 
are popularly called the spots in the sun, an obvious misnomer, as we shall 
soon perceive, but a characteristic enough description of the appearanfe 
presented.” 

The foregoing passage conveys a rather favourable idea of the authors 
style, and we have selected it in consequence, yet it possesses less or mow 
of the qualities to which we have alludtHl. Of course the book is not ad- 
vanced in the knowledge which it conveys. For instance, the luultitude of 
facts conveyed by the spectroscope arc left untold by the author, who, how- 
ever, has something to say upon the subject of spectroscopic matters. It M 
this part of hi.i volume — the only part which has anything new in it— that 
we have to object to. We do so because it contains ideas which are at all 
events entirely new. lint we object to it all the more because we beiieve 
the author’s opinions to be utterly unsound, and to have nothing whatever 
in support of them. We think, therefore, that they should not have beeti 
introduced here, but in the “.Monthly Notices.” The author holds the an- 
gular belief that “ the diflerent colours of the spectrum are only difiett** 
degrees of intensity in the manifestation and action of light — the blue being 
the weaker, the red stronger, and the yellow the strongest, short of white 
light.” lie endeavours to support this idea in these pages, but his argu- 
ments are of the weakest possible nature, and altogether the subject n 
misplaced. The illustrations arc many of them excellent, and are exceed- 
iugly numerou-s, hut some of them are rather fancifully coloured and shaded- 
Finally, the religious tone of the book is too constantly present, and b, 
our minds, a good derd too one-sided, and we think we may add, too bigoted 
also. 
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A METEOROLOGICAL TEXT-BOOK* 

T he Secretaiy of the Scotch Meteorological Society has supplied us with 
a small text-book on the science of meteorology which is at once plain, 
well worked out, and exceedingly full of interest. Indeed now-a-days, 
when we are deluged with works, six or seven of which are invariably com- 
piled from some pre-existing volume, the work of Dr. Buchan is a most 
refreshing one, and we think he deserves considerable credit for the labour 
he has taken in producing the volume. The contents of the work are briefly 
as follows : — History and scope of the science ; weight or pressure of the 
atmosphere ; distribution of atmospheric pressure ; the method of observing 
and calculating temperature ; solar and terrestrial radiation ; distribution of 
terrestrial temperature ; relation of temperature to pressure ; moistme of the 
atmosphere ; mists, fogs, and clouds ; rain, snow, and hail ; prevailing winds ; 
monsoons, local and other winds; storms; atmospheric electricity; thunder- 
storms ; -whirlwinds and waterspouts ; aurora borealis ; ozone, optical pheno- 
mena ; meteors ; and lastly, weather and other warnings. All of these 
chapters are full as they can be of useful matter, and must be read by those 
who delight in such matters. We may, however, take one or two notes from 
them. Firstly, of the box for thermometers. This is particularly useful, 
even to the most limited -weather student. It is necessary that thermo- 
meters should be protected “ from the direct and reflected rays of the sun, and 
at the same time have the benefit of a free circulation of air. No possible 
arrangement can completely fulfil both these conditions ; for if they be com- 
pletely protected from solar radiation, the circulation of the air must be 
unduly interfered with ; and if the circulation of the aii be quite unim- 
peded, the thermometers are unduly exposed to radiation. All, therefore, 
that can be secured is a compromise between protection and circulation. 
The best and cheapest contrivance yet devised to meet these requirements is 
the louvre-boarded box for thermometers, constructed by Mr. Thomas 
Stevenson, C.E., Edinburgh, and now largely used by the observers of the 
Scotch Meteorological Society and other meteorologists.” The author then 
gives a minute description of the box, accompanied by figures, and describes 
how it is to be placed, and the best method of taking observations with it, 
all of which we commend to the serious consideration of young meteoro- 
logists. Similarly we would recommend his attention to the evapometer, the 
atmometer, and the hygrometer, on each of which the author has some telling 
remarks to make. Under the head of rain, snow, and haU, we find the 
various descriptions of rain-gauge described, the author seeming to imagine 
that the invention of Mr. G. L. Symons, of London, who is so well known 
for his meteorological investigations, is about one of the best. We find 
under this section a short account of those regions of the earth in which 
there falls no rain from year to year ; such are the coast of Peru, the valley 
of the rivers Columbia and Colorado, the Sahara, and the desert of Gobi. 



* “Introductory Text-Book of Meteorology.” By Alexander Buchan 
M.A., F.R.S.E. William Blackwood & Sons, 187 . 
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On the sulijt-ct of lialoit ami llie colours of clouds the author makes some 
remarks of import. .-Utopether, the book seems rem.vrkably well put 
topelher. tVithout ntTectation of style, but with a serious earnestness of pur- 
pow, the author api>enrs to us to have pone about his work, and therefore 
that he has thoroughly succeeded need not surprise us much. 



THE SL’n-TUOl’IC.VL GAUDEX.’ 

W HETHER the term sub-tropical be familiar enough to gardener* and 
those connected with the culture of flowers we know not, but we 
think that the author of the work before us would have done better had he 
employed some expression which better conveyed his meaning. However, 
as he has expressed the signification of the terra in his preface, we may as 
well give it to our readers. Sub-tropical gardening, he says, means “ the 
culture of plants with large and graceful, or remarkable foliage or habit, and 
the association of them with the usually low-growing and brilliant-floweriiig 
plants now so common in our gardens, and which frequently eradicate every 
race of heouty of form therein, making the llower-garden a thing of large 
masses of colour only.” We confess we me not very well satisfied with this 
definition of what sub-tropical implies, hut we suppose we must accept it, 
though it clearly docs not imply the plants of any particular tropic or division 
of the globe. Mr. Robinson appears to be one of the very few gardeners of 
the pre.sent ora who have the slightest possible degree of taste. Hence we 
find him at variance with most of the existing race of gardeners ; nnd in his 
book he sets out his plan of grouping large and small plants, tree.s, and 
shrubs, nnd ordinary garden flowers, in such a manner ns to produce a har- 
monious nnd a handsome result. We cannot help uniting in the author's 
remarks upon the abominable style in which our London parks are laid out. 
Speaking of the lumpish monotony of gardening, he says : “ It is fully shown 
in the London parks every year, so that many people will have seen it for 
them.selves. Tlie subjects are not used to contrast with, or relieve others of 
le.ss attractive port nnd brilliant colour, but are generally set down in largo 
masses. Here you meet a troop of Caunas numbering 500, in one long formal 
Ix-d ; next you arrive at a circle of Azalias, or an oval of Ficu.s, in which a 
couple of hundred plmits arc so densely packed that their tops form a dead 
level. Isolated from everything else, ns a rule, these masses fail to throw any 
natural grace into the garden, hut, on the other hand, go a long way towards 
8jx)iling the character of the subjects of which they are composed. For it 
is manifest that you get a far superior effect from a group of such a plant 
as the Gunnera, the Polymina, or the castor-oil plant, properly associated 
with other subjects of entirely diverse character, than you can when the 
lines or masses of such as these become so large nnd so estranged from their 
surroundings that there is no relieving point within reach of the eye. A 



* “ The Sub-Tropical Garden ; or, Beauty of Fonn in the Flower Garden.” 
By W. Robinson, F.L.S. London: John Murray, 1871. 
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t>ingle'8pecimen or small group of a fine Canna forms one of the most grace- 
ful objects the eye can see. I’lant a rood of it, and it soon becomes as 
attractive as so much maize or wheat. No doubt an occasional mass of 
Cnnnas, &c., might prove efiective — in a distant prospect, especially — hut the 
thing is repeated ad tintiseam." In these observations we entirely concur, 
and we trust the author's influence may extend, so that wo may hope for 
intelligent gardening in a few years. This book, at all events, must do 
something towards the conversion of existing gardeners. It is amply illus- 
trated, and contains abundant accounts of the different forms of plants which 
may be used in accordance with the author's instruction. It is a work to 
which we give almost the highest praise. 



A MANUAL OF COLOUR.* 

T his is an excellent little work, to which we wish all the success in the 
world. The author has gone on strictly scientific principles, and is 
perfectly correct in his ideas. We only wish that some one distinguished 
in the artistic world would take up the subject, and thus help in introducing 
Mr. Benson's general views on the subject of colour. Most assuredly 
whoever he was he would find himself a gainer and not a loser by the tran- 
saction, for he would then be able to master thoroughly the science of colour. 
He could toll at a moment the exact effect of one half-tint, whereas at present 
he can only depend upon experience, and if he has not this in each particular 
instance — if, in fact, he be not an artist of very considerable experience- - 
ho must remain in ignorance till he has tried. Now, if he had mastered Mr. 
Benson's scheme, all this difficulty would vanish, for ho then would become 
possessed of a perfect .scientific scheme for the estimation of colours, both 
simple and compound. We think verj- higlily of the little book now before 
us. 



SATURN’S RINGS.t 

R. DAVIES has written a work, which does him great credit, on the sub- 
AiX ject of Saturn's rings. Ho asks the question, Have those rings been 
always there, and if not, how have they come ? Ofcourse the problem involves 
some mathematics, and even with their aid cannot be detemiinately proven. 
Still the author thinks he has proved satisfactorily that the rings of Saturn 
are due to the attraction of the planet which has drawn into it, and is still 
drawing towards it, multitudes of meteor.-<, which are gradually increasing 
its bulk. If it bo asked. Why slioiild one planet alone do this? he answers, 
because it is almost the farthest away from the sun ; hence its attraction 
for these meteors is greater relatively than that of other planets much 



* “ Manual of the Science of Colour, or the True Theory of the Colour 
Sensations and the Natural System.” By William Benson, Architect. Lon- 
don : Chapman and Hall, 1871. 

t “ The Meteoric Theory of Saturn's Rings, considered with reference to 
the Solar Motion in Space.” By A. M. Davies, B.A., F.R.A.S. London: 
Longmans, 1871. 
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Dearer the sun. Indeed, this is the most powerful of all his argumenu, 
aud wo confess that it by no means satisfies us. We are dissatisfied with 
the whole theory, which we think rests on too little foundation. Still 
others may not think so, and they will do well to consult the volums, 
which is well written and amply illustrated. It contains, too, a paper 
on the meteoric theory of the sun, which we have not said anything about 



IIRITISII m'TTERFl.IES.* 

T he British Butterflies have found a good friend in Mr. Newman, who 
has given us a hi-^tory of their lives — from larva to imago, their habits 
and their whereabouts — which is one of the most perfect things of the kind. 
And we are glad to read the author’s statement that his work has attained, 
while in progress, a sale that is almost unattainable in English scientiuc 
works. Firstly, the work con.dsts of a scries of notices to the young who 
may be disposed to go butterfly-hunting. And in them we find the author j 
great ejperience, and we commend this part of his work to our readers. 
The next part deals with the subjects of anatomy, physiology, and embryo- 
!i>gy of the insects ; and finally we come to the separate account of each 
species. This latter is admirably given. First comes a capital engraving, 
life-size, of the species ; and then follows in order the life, history, tiine «f 
appearance and locality, occupying from a page to a page and a half or two 
pages of a large quarto (or nearly so) volume. .\11 this is done well as we 
mig'ht expect from the author ; it is clear, intelligible, and devoid of much 
of the rubbish which abounds in books of this kind generally. We had 
intended to have quoted some passages from the introduction, but we have 
not space to do so ; therefore we must conclude our notice by expressing 
the hope that all who are interested in insects will make themselves 
acquainted with the volume. 



CASSELL’S TECHNICAL EDUC.ATOR.f 

rnlUS is considered as a work uniform in aim with the “ Popular Educator.” 
J- but having of course, as the name implies, a more special application. 
It is generally very fairly done, some of the authors being very well 
qualified for the task of instruction, while others are as certainly very iitti't 
adapted to their task. We notice that a good many of the contributors are 
Irishmen. This we think is a new feature of an English work, and by no 
means a bad one. Those whose names are down from Ireland constitute 
about the best of the whole of Messrs. Cassell’s authors. As regards the 
quality of the matter, it is passable, some of the articles being very good 

• “ An Illustrated Natural History of British Butterflies.” By Edward 
Newman, F.L.S., F.Z.S. The figures drawn by George Willis, and engraved 
by John Kirchner. London : William Tweedie, 1871. 

t “ The Technical Educator ; an Encyclopaedia of Technical Education." 
Vol. 1. Cassell, Better and Galpin, 1871. 
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and others equally bad. We shall not say which we think the worst. But 
altogether, we think Messrs. Cassell have not done well in their selection of 
authors, and consequently the result is not of the best description. 



FRAGMENTS OF SCIENCE.* 

P erhaps of all scientific men in England, Professor Tyndall is the most 
eloquent, whether in speaking or writing. This is a fact which we 
think very few who have rend any of his works, or who have heard him 
speak, ^•ill for a moment doubt. There may not be in his speech that care- 
ful accuracy which is so eminently characteristic of Professor Huxley, hut 
assuredly there is eloquence. There is a fine and noble eloquence about the 
man which those who are familiar with bis public speaking cannot but 
admire intensely. But there is in the reprinted papers before us as much of 
that eloquence as there is in the Professor's speech, so that we caimot but 
regard them, from this aspect alone, as taking no ordinary rank in English 
literature. And apart from any qualities of style they may possess, they 
have merits of the highest order as scientific memoirs. Of the contents of 
the volume it is difficult to say which chapter or essay is best, more read- 
able, or more intensely interesting. A peculiarity of the work is, that it 
contains some valuable essays on miracles and on spirit-rapping, in both of 
which the author shows clearly and effectively how little is in the popular 
idea, and how necessary it is to look calmly and philosophically at every 
phenomenon. We wish we had space to give the author’s words, the more 
especially on certain of the subjects ho has taken up, but we have not. Wo 
will therefore close our very brief notice of a moat valuable work by 
quoting its contents : — The Constitution of Nature ; Thoughts on Prayer 
and Natural Law j Miracles and Special Providences ; Matter and Force ; 
Address to Students ; Scope and Limit of Scientific Materialism ; Scientific 
Use of the Imagination; on Radiation; Radiant Heat in relation to the 
Colour and Chemical Constitution of Bodies ; Chemical Rays and Structure 
and Light of the Sky ; Dust and Disease (with additions to the original 
lecture) ; Life and Letters of Faraday ; an Elementary Lecture on Mag- 
netism ; and lastly, a few shorter articles. 



Iron and Heat, by James Armour, C.E. London; Lockwood, 1871. — 
Essentially a work for the engineer. This little volume appears to be well 
got up. It is amply illustrated, and contains a great deal of information 
regarding the subject on which it treats. The chapters on smelting, though 
not so far advanced as they might be, are nevertheless correct, and go very 
far into the subject 



• “ Fragments of Science for Unscientific People ; a Series of Detached 
Essays, Lectures, and Reviews.” By John Tyndall, LL.D., F.R.S. London : 
Longmans, 1871. 
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The Science of Building, by E. W. Tam, M.A. London : Lockwood. — 
The author has attempted to introduce the student of architecture to a 
general outline of the scientific subjects connected with his professiou. The 
author has avoided abstruse calculation, and thus has rendered his book in- 
telligible to those students whose acquaintance with algebra and £uclid is 
of a limited character. N umerous woodcuts are scattered through the volume, 
which we think a good introduction to the science. 

The Vfc and Limit of the Imagination in Science, by John Tyndall, LL.D^ 
F.R.S. London ; Longmans, 1870, — This is one of the author's brilliant 
discourses on a most difficult subject It is already familiar to most of our 
readers, so that we need say no more about it, save that in this edition the 
author has collected together and gives a series of critiques of different 
papers pro and con, which are really interesting reading. 

A Monograph of the Alcedmidec, or Family of Kingfithert, by R. B. Sharpe, 
F.L.S. London: Published by the Author, 1871. — This work has occupied 
the author from the year 1806 till the present time. It is now completed, 
and with 121 coloured plates forms the finest work of the kind in existence. 
Those who are interested in this wonderful group should consult Mr. Sharpe's 
inestimable work. 
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ASTRONOMY. 

jyEATH of Sir John Ilerschel . — At n ripe agp, yet before he had attained 
the years of his father, tlio greatest astronomer of our day lias passed 
from among us. The time has scarcely yet arrived for drawing a com- 
parison between the elder and the younger Ilerschel, or determining 
•whether astronomy is more indebted to the grand conceptions of the father, 
or to the more tutored philosophy of the son. At present what we muist 
chiefly regard is the fact that these two great astronomers have accom- 
plished between them the most wonderful series of researches which astro- 
nomy has yet known. The whole heavens gauged, thousands of double stars 
discovered and observed, and nine-tenths of all the known nebula: placed 
upon our lists by these two labourers alone, such are some' among the 
achievements which must be credited to the Ilerschels ; while throughoitt 
the whole progress of the work the world has not known whether to wonder 
most at the untiring zeal and energy of these two workers, or at the 
grandeur of the conceptions by which they gave meaning and value to their 
observation,s. 

In the case of the younger Ilerschel wo have to admire, not merely 
labours in the field of astronomical research, but profound and valuable 
mathematical inquiries, chemical studies of extreme interest, and a power 
over the difficult problems associated with optical research in which he was 
matched by few of his contemporaries. Nor must wo forget to point out 
how important have been the services which Sir John Ilerschel has ren- 
dered to science, in those masterly descriptions by means of which he has 
succeeded in imparting something of his own earnestness and zeal to those 
who have followed him as their guide and instructor. 

But Sir John Hcrschel possessed other qualities which, though in a sense 
belonging rather to his personal character than to his position as a man of 
science, yet are so far related to the latter that we may be permitted to 
dwell upon them here. A singular sweetness of disposition, a readiness to 
yield attention to the thoughts and opinions of others even when most 
adverse to his own, and a perfect willingness to admit his own mistakes 
when (as all men will) ho fell into error — such qualities ns those may well 
be held up to the admiration of men of science in an age when we have too 
often occasion to admit the truth of what the Poet Laureate has sung, that 

The man of science himself is eager for glory and vain. 

His eye well practised in nature, his spirit bounded and poor. 
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The “ mental purity" which Sir John HerBchel advocated “ as that quality 
which alone can fit us for a full and ready perception as well of moral 
beauty as of physical adaptation," is after all but another word for mental 
stren^rth. The effort to loosen the bold on all which mi^ht interfere with 
the ready admission of truth is, ns llerschel justly said, *‘tbe ‘ euphrasy and 
rue’ with which we must ‘purge our sight’ before we can receive and 
contemplate as they are the lineaments of truth and nature but it is 
chiefly to be valued as indicative of strength of mind ; while the seeming 
firmness of grasp with which some men retain their hold, with vice-like 
tenacity, upon favourite theories, is as far from showing real strength as the 
clutch of a convuL-H'd person. It is well, then, to note how aur greatest 
astronomer— like Newton and Sir William llerschel, the greatest astro- 
nomers of other days — was submissive to truth, patient to hear the reason- 
ing of others, and ready to yield his own opinions when sufficient arguments 
were urged against them.* 

The N/iectrum of Vranm. — Dr. Huggins has already begun to do good 
work with the fine telescope placed in his bands by the Royal Society. 
With the 8-inch equatorial he employed before, he fotmd the light of 
Uranus too faint to be satisfactorily examined with the spectroscope. But 
with the 15 inches of aperture of the refractor by Grubb, he has succeeded 
in studying the planet to some purpose. His results are not in accordance 
with those obtained by Ur. Secchi in 18ti0. Fr. Secchi then remarked of 
the spectrum of Uranus : “ Le jaunc y fait compldtement d^faut. Dans le 
vert et dans le bleu il y a deu.v raies tres-larges et trJs-noires.” The band 
in the blue he represented as less refrangible than F, and the one in the 
green as near E. On the contrary. Dr. Huggins describes the spectnun of 
Uranus as " continuous, without any part being wanting, as far as the feeble- 
ness of its light permits it to be traced, which is from C to about G." The 
most marked absorption lines in the spectrum of Uranus are six. One of 
these (the most refrangible) is at or very near the position of F in the solar 
spectrum. The light from a tube containing rarefied hydrogen, rendered 
luminous by the induction spark, was compared directly with that of 
Uranus, and “ the band in the planet's spectrum appeared to be coincident 
with the bright line of hydrogen.” Two of the other bands “ appeared to 
be very nearly coincident with bright lines of the spectrum of mr, but the 
faintness of the planet’s spectrum did not admit of certainty on the point.’’ 
“ I suspectctl,” adds Dr. Huggins, “that the planetary lines are in a small 
degree less refrangible. There is no strong line in the spectrum of Uranus 
in the position of the strongest of the lines of air, namely, the double line 
of nitrogen. .\s carbonic acid gas might be considered, without much im- 
probability, to be a constituent of the atmosphere of Uranus, I took mea- 



• We saw, with pain, that in the most elaborate obituary notice of 
Herschel which appeared in the daily press — the biography in the “ Daily 
News” — the most beautiful qualities of HerscheTs disposition, those whict 
specially marked the philostiphic nature of his mind, were (most perverselv) 
ascribed to vanity — a quality, of all others, most alien to his dispositio'a 
From internal evidence, we are inclined to believe that this notice, obviously 
written b^ one who was not a very young man in 1830, came from the pen 
of a certain eminent mathematician, who did not live to see it in print. 
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sures of the principal groups of bright lines which present themselves when 
the induction-spark is passed through this gas. The result was to show 
that the bands of Uranus cannot be ascribed to the absorption of this gas. 
There is no absorption band at the position of the line of sodium.” 
Further, “ there are no lines in the spectrum of Uranus at the positions of 
the principal groups produced by the absorption of the Earth’s atmosphere.” 
The presence of hydrogen in the atmosphere of Uimius in quantities sufficient 
to produce recognisable absorption (if the coincidence above described be 
confirmed) must be regarded ns a fact of singular interest and importance. 
The line is altogether too strong to be regarded as representing merely the 
Fraunhofer F line in the reflected solar light. 

The tupjxhsed Change of Colour of the Equatorial Belt of Jupiter. — .\t the 
May meeting of the Royal Astronomical Society a discussion was riused 
upon this subject, and the general opinion of those who took part in the 
discussion — including Drs. Huggins and De La Rue, the President (Mr. 
I^assell), and others — was that no change had taken place of late in the 
colour of the planet. It was suggested that the colour of the equatorial belt 
is seen now by more observers than in former years, simply because more 
observers use silvered gla.ss reflectors of largo aperture. Mr. Browning, 
however, points out that this e.xplanation will not hold good. “ Five years 
ago,” he says, “ I began making careful coloured drawings of Jupiter, with 
a reflector 10} inches in aperture. As long since ns December 1.3, 1807, I 
drew attention to the fact that colour is best seen with small apertures or 
high powers. I worked with powers of from 3<>0 to ■'500, when the air 
would permit. Although at that time I easily saw the coppery-grey of the 
dark belts, and the bluish-grey of the poles, I could detect no strong colour 
on the equatorial belt. Yet for the last two years the tawny colour of the 
equatorial belt has been more conspicuou.s than either. It is true that 
during the last three 3 ’ears I have had a 12j-inch reflector, but, owing to 
unfavovirablo atmospheric conditions, practically I have seldom indeed used 
more than 10 inches of aperture. Several observers have also seen the 
tawny colour of the belt with both refractors and reflectors of only three or 
four inches’ aperture. The exact colour of the equatorial belt may be 
obtained by allowing a very powerful light to shine through a jet of steam, 
so that an increase in the luminosity of the body of the planet would com- 
pletely accoimt for the colour of the belt.” Aclhiic sub jutlice lis cst. 

I'roposal for a double Atdomatic iSpeetroscoqte ivlth Conijioiind Prisms . — 
Encouraged by the success with which Mr. Browning has carried out the 
plan devised by Mr. Proctor for a double automatic spectroscope (an instru- 
ment on this plan was exhibited at the last soirle of the Royal Society), 
Mr. Proctor has proposed a double battery with compound prisms, instead 
of the single prisms of the former. The mechanical contrivance differs in no 
essential respect from the former (slightly modified from the picture in The 
Sun), on which the double battery of single prisms was constructed ; but the 
form of the intermediate prism is necessarily modified, since this prism as 
well as the rest has to be compound. The dispersion which would be given 
by this instrument would correspond to that given by thirty-six single 
equilateral prisms of heavy flint glass. 

It is to be noticed that the plan by which the light is made to pass twice 
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through A single or double battery of prisms (single or compound) can readily 
be extended to caa^ the light to pass four, or even six or eight times throug h 
a battery. It is only necessary that the prisms, already doubled in height, 
that the light may pass twice through them, should be made four, six, or 
eight times us high as in an ordinary battery, rectangular prisms, precise'j 
like the one cemented to the last half-prism in the return battery, beiip 
provided to raise the light rays, story by story, so to speak, as they pais 
backwards and forwards tlrrougb a battery of these tall prisms. We b*r- 
lieve Measrs. Grubb have proposed to make for Dr. Huggins’ telescope a 
four-storied battery of compound prisms; while we learn that in Ameri<a 
I’rofessor Young and Dr. Langley are having instruments constructed on 
this plan. 

We note here that Mr. Drowning claims priority of Messrs. Grubb a.« 
respects the coustntetion and employment of compound prisms. lie remarks, 
that since .luly l»^6t), he “ ha-s made several compound prisms of very dense 
dint glns.s and light crown glass for the present Earl of Rosse." lie is now 
constructing a compound prism formed of three crown and two dint prisms 
for Mr. Lewis Rutherford, of New York. It Is not a direct vision prism, 
as miglit be supposed from this description, the two outermost crown prisms 
being of small refracting angle. Mr. Drowning remarks that the reason he 
has not used compound prisms more frequently is that such prisms are mop? 
cxp<*nsive than ordinary ones, even allowing for the extra dispersive power 
obtained, and that, “ in consequence of the minimum angle of deviation 
of compound prisms lieing greater ” (me, but the word should obHousJy 
have been lent), and their length greater, the size of spectroscope.s would 
require to be increased, and they would thus be rendered more cumbersome 
as well as more expensive.” 

T/ie Total Eclipse of the San on December 11, 1871. — .\ttention is already 
beginning to be directed to this eclipse. It seems unlikely that any ex- 
peditions will be sent out from England to observe it ; but as the track of 
totality passes over parts of India, Ceylon, and Northern Australia, it is 
probable that tiseful observations will be made. In India especially it is 
likely that skilful observers may have an opportunity of studying the eclipse, 
since the northern boundary of the track of totality lies but a short distance 
south of Madras, where there is an excellent observatory', under the manage- 
ment of Mr. N. Pogson. The following account of the most important 
fenturc.s of the eclipse is extracted from a paper by Mr. Ragoonathachary, 
communicated by Mr. Pogson to the Royal Astronomical Society : — “ The 
central line of the eclipse will first meet the Earth’s surface in the .tViabian 
S»-a, and, entering on the western coast of India, will pass right across one of 
the most important parts of Hindustan in a S.E. by E. direction. In this 
part of the peninsula the Sun will be about 20° above the horizon when 
totally obscured. The duration of totality will be two minutes and a 
quarter and the breadth of the shadow about 70 miles. On leaving the 
eastern coast of the Madras I’residency the central lino w’ill cross Palk's 
Straits, passing about 10 miles S.W. of the island JafTnapatam, and over 
the northern part of Ceylon, where the small towns of Mocletivoe and 
Kokelay will lie near the central line ; and also the well-known naval station 
of Trincomnlee, which will he about 15 miles S.^Y. of the lino. Con- 
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tinuing its comae over the Bay of Bengal, the shadow will cross the S.E. 
part of Sumatra, and will touch the south-western coast 'of Java, where 
Batavia, the capital, will be nearly 00 miles N.E. of the central line ; and 
two other smaller towns, Chidamar and Nagara, will also be very near the 
middle of the shadow-path. In the Admiralty Gulf on the N.W. coast of 
Australia, the eclipsed Sun will be only ten degrees past the meridian, and 
not far from the zenith ; in consequence of which the totality will last 
4m. 18s., or only 4 seconds less than the time of greatest duration. 
Lastly, passing through the most barren and uninhabitated portion of Aus- 
tralia, crossing the Gulf of Carpentaria and the York Peninsula, the shadow 
will ultimately leave the Earth’s surface in the Pacific Ocean.” “The 
general circumstances under which the eclipse will occur,” (Mr. Ragoona- 
thachary here refers to India) “ are singularly and unusually favourable, 
the greater portion of the shadow-path being easily accessible, by means of 
the railway and good public roads ; while a well-managed line of telegraph 
will afford facilities for that most incomparable means of fixing the longi- 
tude of the place of observation with regard to Madras. The favourite 
sanatorium of the Presidency, Ootacamund, will doubtless be selected by 
many persons as a convenient and familiar station from which to observe 
the eclipse, as also the hilly region of Wynaad, in the Malabar district, 
where numerous European gentlemen reside for the purpose of superintend- 
ing their coffee-plantations. The lofty peak of Dodabetta, the highest 
point of the Neilgherries, 8,640 feet above the sea-level, would, agreeably to 
the oft-repeated and enlightened view of Professor C. Piazzi Smyth, the 
Astronomer Royal for Scotland, offer a grand opportunity for spectroscopic 
observations in an atmosphere of small density, and free from all the im- 
purities which abound at lower levels, but unfortunately haze and mist are 
very prevalent on the hill-ranges in the month of December. The weather 
is in general fine elsewhere about that time along the shadow-path, but more 
especially so eastward of the Xeilgherry hills than toward the Malabar 
coast." 

The Greenwich Obiervaf iom of the last Solar Eclipse . — Among the most 
important researches carried out during the eclipse of last December must 
be ranked the observations made at Greenwich, for the purpose of deter- 
mining the error of Hansen's lunar tables at the period of conjunction. 
The plan of operations was similar to that arranged for the eclipse of 1800. 
Clouds interfered with a portion of the work, hut the rest was very ef- 
ficiently carried out. The observations were discussed (at the cost of no 
inconsiderable amount of labour) under the able superintendence of Mr. 
Dunkin. The following are the most important results : — 

The Sun’s tabular error was found to be — 

InR.A. =+0”ll 
In N.P.D. = + 2"-2. 

The Moon’s tabular error was found to be — 

In R.A. = + 0"-o4 
In N.P.D. = +2"-54. 

The error ol the Moon’s tabular geocentric semi-diameter = 3”-48. 

TOL. X.^NO. XL. Y 
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The effect of the corrections on the choice of stations would be very small 
The central line would be shifted nearly five miles farther south, and the 
breadth of the shadow increased by about double that amount, whilst the 
time of first contact would be accelerated and of last contact retarded bj 
about 10s. 

These last results may seem to be now unimportant ; but it is well to 
notice how the observation of eclipses is preparing the way for increased 
accuracy, both as respects the prediction of future eclipses, and that analysis 
of the features of past eclipses which has already thrown so important a 
light not merely on astronomical questions but on historical events. 

TTic Solar Corona . — Since our last summary appeared, more facts have 
come to light respecting the solar corona, as seen during the last eclipse, 
and there has been a good deal of discussion over the significance of the 
new facts brought to our hnowledge. On nearly all sides the atmospheric 
glare theory of the corona has now been abandoned, though the repeated 
statement of this fact by various writers in the correspondence-columns of 
a contemporary weekly science-paper has given rise to as repeated editorial 
denials (the editor being the chief, we had almost said the only remaining, 
advocate of the glare theory in this country). But although the soIot 
nature of the corona is now generally admitted, we are very far indeed from 
having solved the problems of difficulty presented by solar phenomena 
Indeed we may be said to have barely entered upon this difficult field of 
research. 

^'a^ious ideas which had been broached respecting the corona can now be 
discussed under somewhat more satisfactory circumstances than before the 
late eclipse. Two papers have appeared during the last two months which 
bear on the theoretical considerations suggested by tke observation.^ made 
last December. In one Mr. Proctor points to the significance of the observed 
connection between the corona, the prominences, and the solar spot regions; 
and he points out that, judging from the evidence now in our bauds, the 
theory seems suggested that all the phenomena — corona, prominences, and 
sun-spots — are dependent “ on the action of vertical forces, or, at any rate, of 
forces directed outwards from the Sun's globe — though not necessarily exactly 
radial.” Abandoning the meteoric theory of the corona, or rather speaking 
of it as insufficient to account for the observed phenomena, he considers the 
probable effects of eruptive or repulsive forces exerted by the Sun on matter 
in the first place within his visible globe, and he shows that many somewhat 
perple.ving phenomena seem to receive an interpretation when this theory is 
(provisionally) adopted. In the other paper, Professor Young, of .tVjnerica, 
^ter pointing out some objections to the meteoric theory of the corona, 
remarks that the low specific gravity of the coronal matter may depend on 
the action of “such solar repulsion as appears to be operative in the forma- 
tion of a comet’s tail.” In this paper he points out very lucidly how small 
the infiuence must bo which our atmosphere is capable of exerting in in- 
creasing the seeming importance of the corona. “ Some influence our atmo- 
sphere must, of course, have ; but remembering how much the inner portion 
of the coronal ring exceeds in brilliance the outer, it would seem that the 
illumination of the lunar disc must give us an exaggerated measure of the 
true atmospheric effect This illumination makes the edge of the Moon 
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only enough brighter than the centre to give it the appearance of a globe, 
but of almost inky blackness.’’ He remarks, “ Mr. Lockyer, in ‘ Nature,’ 
quotes from a letter of mine written nearly a year ago, to show that my 
opinions regarding the nature of the corona hare been considerably modified 
since then ; and this is true to a certain extent, though 1 think the present 
approximation of our views is owing quite as much to a change in his own 
ideas — as would be evident on referring to his papers of the same and even 
somewhat later date. But I should «tUl write, ‘ I am strongly dispo.scd to 
believe that the whole phenomenon (i.e. the corona as I saw it in 1800) is 
purely solar.’ ” In 1869 the atmosphere was far clearer, it is to be noticed, 
than during the eclipse of 1870. 

The Zodiacal Light . — Mr. Birt records some interesting observations of 
the zodiacal light in the “ Monthly Notices of the Astronomical Society ” 
for April. They were made in the earlier months of the year 1 Si>0, and 
have remained hitherto (for unknown reasons) unpublished. Mr. Birt, by 
the way, seems unaware of the extensive series of observations of the 
zodiacal light made by German astronomers, for he remarks that so full and 
consecutive a series as his own lias not, he believes, been published — a 
strange mistake. However, his observations are interesting in so far as 
they confirm those already made, especially as respects the change in the 
form of the “ light ” as seen at different seasons. He submits, as a new 
theory, the generally accepted explanation that these changes are due to the 
changing position of the observer ns the Earth travels onwards on her 
orbit. 

In connection with this subject we must refer to a most preposterous note 
which appears in the same number of the “Notices,” in which an observer 
says, “ We think we saw the zodiacal light on Good Friday evening. When 
we first observed it, it was, as nearly ns I can tell (for my watch was slow) 
about 7h. 4m., and it lasted about five minutes. It was a little to the north 
of where the Sun had set behind a hill, and the my of light was nearly per- 
pendicular, and, as nearly ns I could guess without means of measurement, 
about a degree broad and five degrees long.” The observation is interesting 
enough in itself, but can have had no po.s.sible connection with the zodiacal 
light, whose appearance and position (at any season) should be too well known 
for such an account as the above to be referred to that phenomenon. 

Orbits of the. Binary Stars Z Ilcrctdis and ; Cancri . — Mr. W. E. Plum- 
mer, of Mr. Bishop's Observatory, Twickenham, has re-examined the obser- 
vations made upon these two stars. By means of equations of condition 
founded on observations made on Z Herculis from 1782 to I860, ho obtains 
the following elements : — 

Date of the periastron .... 1860-241 
Period of the revolution .... .36-000 years 

Longitude of the node .... 27° O'-! 

Longitude of the periastron . . . 291° 49'-0 

Inclination 60° 14'-1 

Eccentricity I = 0-66110, ^ = . . . .33° 20'-6 

Mean motion in minutes .... [2-77090] 

Mean distance l"-374. 

Y 2 
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The observations available in the case of 
ninety years. The resulting elements are ; — 


J Caiicri extend over the 


Periastron passage 


. 1072*44 


Period of revolution . 


. . 68*2.3 years 


Longitude of tbe node 


. 15° 37'*4 


Longitude of the periastron 


. 171° 40'*8 


Inclination .... 


. .30° 14'*4 


Eccentricity c ■= 0*302.30, <•> = 


. 17° 35'*8 


Mean motion in minutes . 


. [2*60930] 


Mean distance .... 


. 0"*908. 



Winnecket Kew Comet. — This comet was first seen in Perseus, on April 
8, at about half-past eight in the evening. From Dr. Winnecke’s observa- 
tions, combined with two made by Mr. Hind at Twickenham Obaervatoir, 
the latter astronomer has deduced the following elements of the orbit : — 

Epoch 1871, June 9-28137 o. m. t. 

Longitude of perihelion . . 140° 19' 8" 1 Referred to apparent 

Longitude of the ascending node . 280° 63' 32"/ equinox April 10. 

Inclination 86° 60' 54" 

Log . . . . . . 0*7864883, 

Motion direct. 

Mr. Hind remarks that the comet appears to be quite distinct from any 
)ireviously computed. Dr. Huggins bus examined the comet spectroscopi- 
cally, with results not differing from those he obtained from the study of 
other comets— the spectrum of the new comet presenting three bright 
bands. 

A compreheneiee Star-Chart. — Mr. Proctor is engaged in tbe construction 
of an isographic chart of the northern heavens, in which are to be included 
all the stars (324,000 in number) of Argelander’s noble series of charts. 
Mr. Proctor's object in charting these stars on a single sheet is to endeavour 
to ascertain what laws of distribution exist among the stars of the first nine 
or ten orders of magnitude. Struve has already examined a portion of the 
same list of stars with a somewhat similar object ; but as he dealt only with 
numerical relations, and these relating only to averages, it seems not unUkelv 
that the presentation of all the 324,000 stars in a single view, all the detaiLs 
of their arrangement being preserved, may lead to results of extreme inte- 
rest. 

Obieriatioiis of Mart hj Mr. Joijnton. — Mr. Joynson continues to send in 
to the Astronomical Society, after each opposition of Mara, an elaborate 
series of lithographs of the planet, as seen with his equatorial of about four 
inches in aperture. The drawings must cause Mr. Joynson immense labour, 
and doubtless his hope is to advance astronomical knowledge ; but one would 
like to have “ a reason of the hope that is in him.” Mr. Dawes, ■with a 
splendid 8-inch equatorial and unequalled power of vi.sion, has given us more 
than enough drawings to form a complete chart of Mars, showing more, pro- 
habit*, than most observers could expect to see, under the most favourable 
circumstances, with a 10-inch refractor. What useful purpose can be sub- 
served by labouring at a survey with about a fourth part of the power he 
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emplojed, and with certainly inferior observing skill f Let Mr. Joynson's 
own answer be taken. “These drawings,” he says, “in conjunction with 
those previously sent, prove beyond doubt that the ‘ band ’ and the wine- 
glass-shaped channel ’ from it, are permanent features of the planet ; and 
that any apparent change in them arises from the various aspects that are 
presented by the planet itself, as seen from the Earth ” — facts which were 
ancient before Mr. Joynson was bom. 

Comelt which will be tisible during the approaching Quarter . — In the 
“ Monthly Notices of the Astronomical Society ” Mr. Hind gives elements of 
Tuttle’s comet from September 1, and of Encke’s comet from August 21. 
As we have already somewhat e.vceeded our usual space, we do not here 
quote these elements; it is the less necessary that we should do so, as doubt- 
less all who are likely to study these two objects will receive (or have 
already received) copies of the elements from Mr. Hind himself. 

TAe Planett during the ensuing Quarter . — Venus is now very favourably 
situated for observation, and will continue to be so for some time ; she will 
attain her greatest brightness as an evening star in August. Neither Mars, 
Jupiter, nor Saturn will be well situated for observation during the ne.xt 
quarter. 



BOTANY. 

A Climbing Fern . — This plant (Lggodium palmatuin) exists and flourishes 
in its wild state within the borders of “ old Essex,” U.S. 'The writer in the 
“American Naturalist ” discovered this rare and attractive plant in 1800, 
while exploring “ Lynn Woods,” in the vicinity of the famous “ Penny 
Bridge.” The locality of its haunt is within the limits of Saugus, and not 
far from that romantic spot known as the Pirates’ Glen. Specimens have 
been obtained having a stalk or “ vine ” nearly four feet in length. “As the 
climbing fern is one of the most rare, graceful, and attractive plants found 
in this country, it is a matter of satisfaction to know that we have it grow- 
ing in our woodland valleys.” This fern has been found, though rarely, in 
Florida, Kentucky, and Massachussets. In Virginia it is often seen, and it 
has been found in several other localities. 

Botanical Gardens of Europe . — It seems, from certain recently published 
statements regarding the time at which the several principal gardens were 
established, that the first one was that of Padua, in 1545, followed by that of 
Pisa. Those of Leyden and Leipsig date respectively 1577 and 1579. The 
Montpelier garden was founded in 1503 ; that of Giessen in 1005 ; of Stras- 
burg, in 1620; of Alford, in 1025; and of Jena, in 1020. The Jardin dcs 
Plantes, at Paris, was established in 1020, and the Upsal garden in 1027 ; 
that of Madrid dates from 1763 ; and that of Coimbra from 1773. At the 
close of the eighteenth century, according to Gesner, more than 1,000 
kindred establishments existed in Europe. England comes late upon the 
list, the Oxford garden not having been founded until 10-32, and long re- 
maining the only one in the kingdom. 

A Peculiar Ink-plant.— The “ I’all Mall Gazette ” states that there is in 
New Granada a plant, Coryaria thymifolia, which might be dangerous to 
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our ink manufacturers if it could be acclimatised in Europe. It is known 
under the name of the ink plant. Its juice, called clianchi, can be used in 
writiutr without any previous preparation. The letters traced with it are of 
a reddish colour at first, but turn to a deep black in a few hour*. Thia 
juice al.so spoils steel pens less than common ink. The qualities of tie 
plant seem to have been discovered under the Spanish administration. Some 
writing’s, intended for the mother country, were wet through with sea-'water 
on the voyage ; while the papers written with common ink were almost 
illegible, those with the juice of that plant were quite unsenthed. Order* 
were given in consequence that this vegetable ink was to be u-sed for all 
public document.s. 

}~eas/ and ullmr Fermentt. — The “Journal of the Quekett Club” for 
.\pril contains a useful jmper by Mr. C. A. Watkins on this subject. The 
autlior rather endeavours to collect the information which exists, and to 
analyse it, than to put forward new ideas. This paper contains a vast 
aiuoimt of information, but there is little that pertains to -satisdactoir 
reasoning in it. 

Afcrnt of Sap in the Hnet. — \ curious fact iS pointed out by a writer in 
one of the .Vmeritan journals. He says, that some years ago his gardener 
pointed out to him that some Austrian and Scotch pines, which had been 
completely girdled by mice, still continued to grow, as if no such injury 
had been received. In order to test this matter, he took an .\ustrian pine 
about live feet high, and girdled it for a space of two inches, at about three 
feet fiom the ground. This was five years ago, and the upper portion is 
still alive. The tree attracts nitich attention from visitors to his grounds. 
Wlien girdled, the branch was about one and a half inch in diameter. 
The whole portion of stem between the tier of branehe.s above, and that 
below — a space of about fifteen inches — has since remained cf that size, and 
is dry and hard as a “ pine knot." The parte aljove and below this dead 
space increase annually in girth. The upper portion is now about nine 
iuche' in circumference. There are branches above and below the girdled 
jKirtion; the lower ones growing much the stronger. The upper jwrtion 
makes ouly two or three inches of gnvwtli a year, and the “ needles ” are 
of a brighter green than the lower. 

font ri ranee in the Corolla of Salvia In eolucrata, — In most salvias part 
of the anther develop.s into a lever, which closes the throat, and, when lifted 
by ati insect, causes the pollen to be thrown on its back. Some suppose, 
and with appmvnt good reason, that this is to aid in cross-fertilisation. In 
Seihia iniotucrata, according to Mr. Thomas Meehan, who writes to the 
“American Xaturalist,” the lever arrangement.s are remarkably well de- 
veloped, but the arched upper lip curves inward, and prevents the anthers 
from acting in the manner above described. It would seem ns if the plant, 
after “ making ” its arrangements for cro.«s-fertilisation, “ repented,” and 
“ made ’■ another to contradict it. 

A .Yfif Fibre for the Manufacturer. — .V new fibre, obtained from the bark 
of the mulberry tree, has been produced by Mr. (!. B. Mnra*i. It is ex- 
pected that the new material will answer almost all the purposes for 'which 
hemp imd flax are employed. 

Fete Speciee of Oah» from Forth-iccst America. — Mr. K. Brown, M..\., 
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T*resident of the Physical Society of Edinburgh, has contributed a paper on 
this subject to the “ Annals of Natural History ” for April. He gives a 
ruin u to account of five species, thus: Quercus Sadleriana, Q. (Erttediana, 
(i. echinoidet, Q. oblongifolia, and Q. Jacobi. In all, seventeen species of 
Cupuliferoe find a place in the flora of the region to the rvest of the Rocky 
Mountains, northward of and including Upper California, which immense 
extent of territory, so varied in its climate and physical features, is generally 
known as North-west America. As ho has already described and figured 
most of these species for a general work on the forests of that country (now 
in course of publication), he does not mention them in this place ; and for 
the same reason he has omitted to give figures of the species he has here 
described,. these figures, with more extended descriptions, being intended to 
find a place in the same work. 



CHEMISTRY. 

The Formation of Ozone by Itetin Oils has been the subject of a paper 
by Mr. C. R. C. Tichborne, which was rend at a meeting of the Royal 
Iri.sh ^Veademy. The author said, when light resin oils were submitted to 
the combined action of atmospheric oxygen and light, ozone was produced 
in abundance. (“ Such oils, when poured upon a solution of iodide of po- 
tassium, instant!}' produce blue iodide of starch.”) At the same time the 
boiling-point of the oil was raised. Ozone was probably the prime mover 
in the production of colophonic hydrate, a substance discovered about two 
years ago by himseK. All the terebine oils on exposure to light produced 
this etiect. That obtained from pine seeds was said to possess this property 
in a most marked manner ; oils of lemon and bergamot in a slight degree. 
The resin oils possessed this property more decidedly than ordinary oil of 
turpentine. Mr. Tichborne, by experiments, showed the action of those 
ozonified oils upon iodide of potassium. 

The Chemistry of Seed Germination has been investigated by Herr Dr. 
Vogel of the Royal Bavarian .Ycademy (" Proceedings,” vol. ii. No. 3, 1870). 
A memoir published in the foregoing Proceedings, and which has been ab- 
stracted in the usual valuable columns of the ” Chemical News,” contains 
the detailed account of a series of experiments made by the author, with a 
view of ascertaining the effect which various substances (as, for instance, 
aniline, amorphous phosphorus, dilute solution of permanganate of potassa, 
sulphate of copper, dilute acetic acid, dilute hydrocyanic acid, arsenious 
acid, illuminating gas, naphthaline, and other substances have upon the 
germination of vegetable .seeds, .\mong the substances which thoroughly 
impede, and even destroy, the power of germination, the author mentions 
dilute (0-21 per cent.) acetic acid and phenylic acid (1 drop to 60 c. c.) It 
appears that otherwise the germination is not much affected by very dilute 
aqueous solutions of most of the substances above quoted. 

Illumination by a Substance called Carboxygen . — The “ Journal fur Gasbe- 
leuchtung” (No. 8) contains a paper on this subject by Dr. J. Philips. The 
carbolin (the fluid used in the lamps invented by the author) costs about 
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the same as petroleum — that is to say about (W. per Prussian quart (1-45 
litres). The hourly consumption of carbolin, amounting, on an average, to 
SOgrms., will cost about one halfpenny. As regards the price of the oxygen 
gas (an artificial ur containing from 50 to 7.5 per cent, of oxygen), it is stated 
that this may be prepared on the large scale at a cost of 15 centimes 
per cubic metre (a little more than .3.5 English cubic feet). The carhoxygen 
illumination is daily gaining ground in Cologne, Brussels, New York, and 
other places. This light is also employed now in some large hot-houses 
where plants and shrubs are exhibited, the colours of leaves and flowers 
seen by this light being seen exactly as in daylight, while there is no danger 
of injuring the most tender and delicate plants, as there is with other arti- 
ficial modes of lightning. 

Gustav Bischof in a Scotch Chair. — We learn from the “ Medical Press ” 
that M. Gustav Bischof has been appointed to the “ Young” chair of Tech- 
nical Chemistry in the Andcrsonian University at Glasgow. M. Bischof is 
son of the late Profeasor of Chemistry at Bonn, and well known as the 
author of “ Chemical Geology.” 

Advantaijes of Infusorial Silica. — The “ Scientific American " recently had 
an article on this subject. It says, that by mixing three to six parts of 
infusorial silica to one part of freshly burnt lime, and stamping the whole, 
after slightly moistening it, into a suitable mould, artificial stone of any 
desired form can be made. Such stones become extremely hard, are im- 
pervious to water, are finer grained than cements of b^ton, can be used f<x 
gas or water pipes, and will take any colour. As there are large deposits 
of diatomaceous earth in viuaous parts of America, this application for arti- 
ficial stone and cement is well worthy of consideration. By combining in- 
fusorial earth with native magnesite and chloride of magnesium, a cement 
is produced which is known in Germany under the name of albolith cement. 
The chloride of magnesium, obtained as an incidental product in salt manu- 
facture, is very cheap in some parts of Germany, and the occurrence of 
large deposits of magnesite renders this variety of cement available in Europe 
for many purposes. A tine glaze for earthenware is obtained by fusing 
infusorial earth with crude borate of lime, or horonatrocalcite. A variety 
of porcelain can he made by fusing infusorial silica with the borate of mag- 
nesia of the Sta.<sfort mines. This kind of porcelain can be cast, pressed, 
and, if sutiiciently thin, can be blown as easily as glass. It is capable of 
extensive use in the arts. 

Oryyen burnt with a Sooty I lame. — The “Journal of the Franklin In- 
stitute ” contains an account of this experiment by Professor Thomson o£ 
Copenhagen. It says that heavy hydrocarbons, like benzol and oil of tur- 
pentine, burn with a very sooty flame ; with a very similar flame oxygen 
also bums in the vapours of these bodies. The experiment is made in the 
following manner : — Some benzol is wanned to the boiling-point in a long- 
necked flask ; the flask is closed by a cork with two holes, through one of 
which a glass tube of about 1 centimetre boro is passed, and through the 
other a tube somewhat narrower and bent to one side. When the vapour 
arrives at the orifice of the wider tube it is lighted, and then a tube, through 
which a slow stream of oxygen is flowing, is passed down into the flask 
through the flame. The oxygen tube is bent above, and its mouth is pio- 
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Tided with a platinum tube fused into it. A cork upon the oxygen tube 
closes the wider tube of the flask. The benzol flame is extinguished, and 
the vapour issues through the side tube, while the oxygen bums in the 
benzol \apour with a very sooty flame. 

^ Jklanwxl of Organic Chemistry, by Dr. Henry E. Armstrong, F.C.S., 
Professor of Chemistry in the London Institution, is advertised by Messrs. 
LiOngmans & Co., as being in preparation for their series of Text-books of 
Science. 

Oil from Grape-pips. — The “ Berichte der Deutschen Chemischen Gesell- 
schaft,” No. 8, contains a paper on this matter, by Herr S. Fitz. The pips 
contained in grapes contain from fifteen to eighteen per cent, of an oil, 
which has been the subject of a series of researches made by the author. 
The oil, having been saponifled, was found to contain palmitic, stearic, and 
erucic acids, the latter fusing at 84° ; formula, The lead-salt of 

this acid is difficultly soluble in ether in the cold, but readily so in warm 
ether ; the same obtains with alcohol. The erucic acid exceeds in quantity 
the two other acids just named, the three being, in the neutral oil, combined 
with glycerine. When fused with caustic alkali, erucic acid is converted 
into arachnic acid, C, and into acetic acid. The author states that 

the oil alluded to might be used for culinary purposes ; of course it is only 
obtainable in quantity in wine-growing countries. 

The British Association's next meeting will be held at Edinburgh, and will 
commence on Wednesday, August 2, under the presidency of Sir William 
Thomson, M.A., LL.D., D.C.L., F.K.S., &c. The facilities now afforded by 
the several railway and steam-boat companies to parties travelling from all 
parts of Great Britain and the Continent, render it probable that this meet- 
ing will be very numerously attended. The local authorities and the repre- 
sentatives of the various scientific societies, as well as all those officially 
connected with the Association, earnestly desire that the members and 
Associates should receive a cordial welcome, and that everything possible 
should be done to make the visit agreeable and instructive. 

Chloroform from Chloral and Chloroform from Alcohol and Bleaching 
Powder. — These two varieties of chloroform it is important to distinguish, 
and therefore the following tests, which are quoted in the “ Chemical 
News,” from “ Douglass Journal ” for May, are of importance : — In the first 
place, the former chloroform, known now on the Continent as “ English 
chloroform,” has a sp. g. of only l'48d, and contains, according to the 
author, from 0-76 to 0-8 per cent, of strong alcohol. When, to the chloro- 
form prepared from alcohol and bleaching powder, strong sulphuric acid is 
added, it always becomes more or less coloured, which does not happen to 
be the case with the chloroform prepared from chloral ; when, moreover, a 
few drops of each kind of chloroform are left to evaporate spontaneously 
upon a watch-glass, the chloroform prepared with alcohol gives off, after a 
while, a disagreeable smell, while the other kind retains until complete 
volatilisation its pleasant fruity odour. 

Excrements of the common Bat Bhinolophus Hipposiderus. — In the April 
number of the “ Annalen der Chemie,” Professor Wohler, after briefly 
referring to the researches on the excrements of the Egyptian bat by 
Dr. Popp, states that Dr. Ehlers had the kindness to supply him with the 
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material above named, taken from a locality where it had accumulated to » ' 

layer of 3 inches’ thickness. This substance does not contain any trace ot ^ 
urea, nor any uric or oxalic acids ; the bulk is made up of the undigested i 
homy mass of the win(fs of insects. Dried at ICCP, this substance gave I 
8'25 j>er cent, of nitrogen, and left, after ignition, 0-2o per cent, of ash, etc- I 
taining pntassa, soda, lime, magnesia, oxide of iron, chlorine, sulphuric, i 
silicic, and phosphoric acids, the latter being 3C per cent, of the weight of 
the ash. 

Tht CrytlaUine Suhttance covfring the Vanilla Pod. — M. P. Carle.s hsi 
contributed an article to an early number of the “ Journal de Phnnnacie’’ot 
this suViject The article treats on the nature of the crystalline substance 
which may frequently bo seen on the vanilla pods, and have been considered 
by various authors to consist of benzoic or cinnamic acid, or coumarine. Th« 
author finds that this crystalline matter fuses at about 81®; boils, with 
partial decomposition, at 280® ; is very readily soluble in alcohed, ether, 
chloroform, and sulphide of carbon ; difficultly soluble in cold water ; 
exhibits a strong acid reaction to blue litmus paper ; and decomposes car 
bonates. Elementary organic compo.sition, C,,1I,0,. ^ The author has pre- 
par’d several salts of thi.s acid ; but, as to its true chemical composition, hh 
labours are not yet completed. See also “ Chemical News.” 

Ozone. — At the meeting of the Chemical Society on June 1, Dr. Debus, 
F.K.S., delivered a lecture on the subject of ozone. The lecturer begM 
by stating why ozone is considered to be an allotropic modification of 
oxygen ; then discussed whether there are reaso'ns to assume the exist- 
ence of two allotropic modifications, and concluded with a review of sonK 
of the properties of ozone. 

Ilimnlaya Tea . — In the “ .\nnalen der Cheniie ” for May we find a pap® 
by Dr. 1’. Zdller. Thi.s paper contain- the results of a series of experiments 
made with a sample of very fine tea, a small quantify of which had been 
sent to Professor J. Von I.iebig by a proprietor of tea plantatK**- 
100 parts of the tea contained 4’2o of water and 5’03 of ash, which, w 
100 parts, was found to consist of — potassa, 30-22; soda, 0'05; mag- 
nesia, 0 17 ; lime, 4’24 ; peroxide of iron, 4-38; manganoso-manganic oiidt? 
103; phosphoric acid, 14’5o; sulphuric acid, a trace; chlorine, 0’81; 
silica, 4’.T); carbonic acid, 24-30. Extract soluble in water of this tea 
amounted to .30-20 per cent. The nitrogen in the air-dried tea was found 
to be G-.38 per cent. In addition to 4-04 per cent, of theine, this tea '^as 
found to contain some theobromine. The quantity of nitrogen in the extract 
(that is, the portion of the tea soluble in water by infusion), dried at lOil’i 
is 10 00 per cent., while the ash therein amounts to 11-40 per cent. The 
author concludes by stating that this tea is equal to the best Chinese tea, 
and that the younger the leaves of the shrub the better the tea they yield- ^ 

Formation of Trantparent Cubes of Chloride of Sodium similar (a Foch- 
Salt . — The “ Chemical News ” gives in its usual list of abstracts one, of » 
paper by Dr. Buchner in the “ Journal fiir prakt. Chemie ” (No. 0, 1871), ofl J 
the above subject. This paper is, in a measure, the reproduction of the con- 
tents of 'an essay publi.shed by Dr. Mohr (Poggendorffs “ Armalen,’’ . 

vol. cxxxv., p. 607, 1808), “On the Formation of Rock-salt.” The 
author relates, in confirmation of the facts adduced by Dr. Mohr, a fev 
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instauces which prove that the formation of cubes of rock-salt and of 
other chlorides isomorphous therewith, actually takes place slowly by the 
spontaneous evaporation of concentrated brines and the gradual diffusion of 
the thus supersaturated solution downwards (in the vessel wherein that 
solution is contained), so that the cubes form, and increase gradually in size, 
at the bottom of the vessel which contains the saline liquor. The author 
also observed, in one instance, the formation of chloride of ammonium in 
cubical crystals deposited from the so-called Koechlin’s copper liquor (Ziyuor 
cupri ammoniato-muriatici), the evaporation having been cau.sed by the not 
well fitting of the stopper ; but this process had taken years to produce the 
cubical form of crystals of sal-ammoniac alluded to. 

C’vrlain Fatty Keiotm . — In a paper read before the Royal Society, 
April 2, Dr. J. Emerson Reynolds gives a long account of the above. He 
draws the following conclusions. 1. That certain fatty ketones can be made 
to unite directly with mercuric oxide. 2. That the resulting compounds 
afford a new group of colloid hydrates, analogous in properties to the silicic, 
aluininic, and other hydrates already made known by the researches of 
Professor Graham. 3. That the new hydrates may best be regarded as ex- 
tremely feeble conjugate acids; the chief member of the group (that 
derivable from acetone) being probably tetrahasic and capable of affording 
very unstable salts. 4. That the generating reaction for these bodies may, 
when carefully controlled, bo employed as a test for the presence of a 
ketone, especially for acetone in certain organic mixtures. 6. That the 
generating reaction for the di-keto-mercurates may, when carefully con- 
trolled, be employed ns a test for the presence of a ketone — especially for 
acetone — in certain organic mixtures. 

Beet-root Sugar w Ireland . — The Rev. J. Jellet recently (May 20) read 
a paper before the Royal Irish .Veademy on tlie above subject. Si.x speci- 
mens of the white beet, grown at the Moilel Fium at Glasnevin, had been 
examined with the .Tellet saccharometer. The sliced root was digested 
with weak alcohol three or four times; the solutions were evaporated and 
then made up, after having been heated to 180^, to a given bulk with 
water. This solution was filtered through charcoal, and the first portion* 
rejected as a certain amount of the sugar is absorbed. The sugar present in 
the beet almost entirely consisted of cane sugar. The following are the 



results of the 


six determinations : — 






1st. 


120.O 


per 


cent. 


4th. 


12-59 per cent. 


2nd. 


9-o0 






5th. 


11-02 ,. „ 


3rd. 


12-68 




V 


Gth. 


12-43 „ „ 



Professor Jellet said that anything over 10 per cent, might be considered 
very good, and would pay to work. 



GEOLOGY AND PALyEONTOLOGY. 

The Glacial Drift of MaumchusetU. — Prof. X. S. Shaler gives, in the 
“Proceedings of the Boston Society of Natural History” (vol. .xiii.), 
& very able account of the parallel ridges in the above. In the immediate 
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neighbourhood of Boston the unstratified drift does not lie in an 3 rthmg like 
a continuous sheet, hut is distributed in long and rather narrow ridges, 
which, with varying height, on account of long-continued denudatkc, 
may be traced for miles across the country. These ridges are particularij 
conspicuous in the islands of the harbour of Boston, where, although much 
worn by the action of tidal currents, the parallelism is quite apparent. 
They exhibit two sets of trends, the one being north-west and south-east, 
the other north-east and south-west ; and a comparison of the sectiaoa, 
given at various points in the islands of the harbour, at Chelsea, Somer- 
ville, Cambridge, Brighton, South Boston, and elsewhere, has shown that 
throughout this region the drift is remarkably similar at the same height 
above the sea. The drift contains pebbles of various mzes, five-foot 
boulders, and fragments of every gradation down to coarse sand. The 
whole is embedded in a fine mud, which so binds the materials together 
that, in the lower parts of the mass, where it has been subjected to con- 
siderable pressures, it has become a hard conglomerate. Nowhere is there 
any attempt at stratification. In regard to the origin of these drifts. Pro- 
fessor Shaler agrees with Agassiz in considering them as the materials 
which rested in and upon the gladal sheet at the close of its history, and 
which were dropped in the places they now occupy by the melting of the 
ice upon which they rested. As this drift deposit must have originally 
been at least one hundred and fifty feet thick, it is difficult to conceive how 
such a mass of detritus as that in question could have ever been contained 
in a glacial stream, and the supposition is necessary that the mass of the 
drift must have been rent from the floor of the glacier as it moved along. 

A new Fossil Myriapod is described by Mr. Woodward, F.Q.S., in the 
“ Geological Magazine ” for March. It was discovered by the late Mr. 
Thomas Brown, after whom he names it. The specimen, preserved in the 
round, is four inches in length, and nearly a quarter of an inch in breadth, 
is contained in an ironstone-nodule (like those previously discovered), both 
sides of which are well preserved. Thirty-six raised body rings, separated 
by an equal number of intermediate depressions, can be counted between 
the head and the last segment, each ring having two pairs of appendages. 
There are indications of pores, and also of the bases of tubercles or spines, 
along the dorsal line, hut the latter are less perfectly preserved.' In their 
great work on the “ Geological Survey of Blinois,” 1803, voL iii. p. 656, 
Figs. A-D, &c., Messrs. Meek and Worthen have described and figured two 
new forms of m 3 niapod under the generic name of Euphoberia — namely, E. 
armigera and E. t major. The specimen described is named E. Brownii. 

The Skeleton of Dinomis . — Professor Owen read before the Zoological 
Society, at its meeting on June C, a paper on Dinomis, being the seven- 
teenth of his series of communications on these extinct birds. The present 
paper gave a description of the sternum and pelvis, and an attempted res- 
toration of the whole skeleton of Aptomis defossor. 

Life of Mr. Davidson. — The “Geological Magazine" for April gives a 
very interesting sketch of the life of Mr. Davidson, the well-known 
Authority on Brachiopoda. It gives also an excellent portrait of this dis- 
tinguished man, and a list of his writings, occupying two pages of small 
type. W’’e may also mention that at the anniversary meetin? of tbs 
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PalsDontograpbical Society (March 31) this year, the council of that society 
presented to Mr. Uaridson a copy of his magnificent work on British Fossil 
Srachiopoda, handsomely hound, as a small expression of their high esti- 
mation of his valuable and protracted labours for the promotion of the 
objects of the Society. 

The IVoUation Medal and Fund. — The Wollaston medal has this year 
been presented to Professor Ramsay, who acknowledged the compliment in 
a very humble address. Professor Ramsay well deserves the medal, and 
ought, we think, to have got it earlier. The proceeds of the Wollaston 
Fund were awarded to Mr. Etheridge, to enable him to prosecute his 
valuable work on the Fossils of the British Islands. Mr. Etheridge has 
been on this work for eight years, and the work itself occupies nine volumes 
of manuscript. We hope this splendid work may be soon completed and 
offered to the public. 

The Paleemioffrnphical Society has issued its yearly volume for 1870. It 
contains several most important works, and among them one by Professor 
Owen, who concludes the volume with a monograph on the Fossil Mammals 
of the Mesozoic Rocks, the materials for which he has long been accumu- 
lating, and the interest in which has by no means abated. The first pages 
of this work are devoted to a consideration of the Rhaitic Mammals of the 
genus Microletlet, in which the author places the detached tooth of Uypsi- 
primnojisis rheetkut, discovered by Mr. Boyd-Dawkins at Watchet, Somerset, 
and also the remarkably rich series of detached teeth discovered by Mr. 
Charles Moore, F.G.S., of Bath, in a fissure of the Mountain Limestone at 
Holwell, Frome, Somersetshire. Then follow the Mammalia from the 
Stonesfield Slate of the genera Amphitherium, Phaicolotherium, and Stereog- 
nathus, comprising four species. The remainder of the work is occupied by 
the consideration and description of the Purbeck Mammalia, which (with 
the exception of Sjtalacotheriuum tricutpideiu, Owen discovered in 1854 
by Messrs. Wilcox and Brodie, of Swanage) were all brought to light 
through explorations carried on with characteristic ardour, and at much 
cost and personal risk, by Samuel II. Beckles, Esq., F.R.S. They occupy 
(with woodcuts) ninety-three pages of letter-press and nearly the whole of 
four plates. The descriptions of these early types of small Marsupial 
Mammals are founded almost entirely upon the evidence afforded by lower 
jaws, not more than half-a-dozen specimens being found in which the upper 
dental series are preserved, and no crania are as yet known. Above ten 
genera and twenty-five species have been determined from the Purbeck 
beds, Uurdlestonc Bay, Dorsetshire, and described by Professor Owen. The 
plates have been most carefully and successfully drawn by Mr. Alfred T. 
Hollick. 

Death of Sir John Herschell. — One of our greatest philosophers has gone 
from among us. Though, of course, more of an astronomer than a geolo- 
gist, he was nevertheless a distinguished thinker in matters of geologic 
science. He died on May 11 last, at the advanced age of seventy-nine, in 
the full possession of all his mental faculties. Though be devoted most of 
his time to astronomy, natural philosophy, chemistry, meteorology, physical 
geography, etc., geology did not altogether escape his attention. Among 
his suggestive contributions to this science may be mentioned the following : 
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— 1. On Changes of Climate arising from the varj-ing Eicentridty of the 
Earth's ( trbit C‘Oeol. Trans.," 2nd series, voL iii., referred to in ‘‘ Lyell's 
Principles ” ns early as 1837). 2. On the effect of the Uemoral of Mstte: 
from above to below the Sea, producing “ a mechanical subversion of the 
equilibrium of pressurt! and temperature;” On Subsidence and Elevati®; 
The Intiuence of Subterranean Steam; The results of the Expansion of Kocb 
by Heat; The Fusion and Metaniorphisni of Sedimentary Rocks, ett 
(letters written in 18.'it!, and published in 18;18, at the clobe of ‘‘ Babbags's 
Ninth Bridgewater Treatise "). He was buried in Westminster -kbber, 
beside the remains of Sir Isaac Newton. 

The I'n-Olticial lli*tory of Xurth Cheshire. — Mr. C. E. de Ranee, who 
publishes a somewhat lengthy paper on the geology of Cheshire in the 
“ Geological Magazine," thinks, among other conclusions, that in pre- 
glacial times a plain of marine denudation composed of hard and soft bed* 
of new red sandstone existed from the borders of Wales to south-westeni 
Lancashire, unbroken by valleys, over which flowed the Dee to the north, 
receiving as a tributary from the east the Mersey, which gradually cut for 
itself a transverse gorge across the strike of the rocks ; at the same time, 
longitudinal valleys, to the north and to the south, gradually came into 
existence. Those to the north were afterwards entirely destroyed by manb- 
denudation, which formed a lower plain. The subsidence continuing and 
the climate becoming glacial, the district was submerged beneath the wate^ 
of the Glacial Sea, and the Gorge, or transverse valley, as well as the lonp- 
tudinal valleys, were tilled up with glacial deposits. Afterwards, on thf 
re-elevation of the country, the.«e were excavated out, partly by running 
water, and partly perhaps by small glaciers which, as he has attempted to 
show elsewhere, undoubtedly held their ground, at the close of the glscisi 
epoch, in the valleys of the Lake-district. The entire valley of the Mersey, 
including its termination through the Wallasey Gorge, would be equally 
filled up with drift ; over this surface of drift the river must have flowed, 
widening and deepening its channel as it ran, here making great difis d 
overhanging boulder-clay, and there cutting through the drift down to tbe 
bare rock, and in some instances cutting its bed wider and deeper in tie 
rock than it was before the glacial submergence. 

Mr. Hennessey and M. Jhlaunay versus Mr. Hopkins. — On the 13th of 
last March, just as we were going to press, M. Delaunay read a ststcBjenI 
to the effect that he acknowledged that Mr. Hennessey had used the same 
arguments as himself against Mr. Hopkins's theory relative to the fluidity 
of the interior parts of the earth. This admission, which is a most honoui- 
ablo one, must have been received in Dublin with great rejoicing, and very 
worthily so. 

Sea-sand Heaps caused by Glaciers. — Mr. J. H. Kinham proposes a some- 
what startling but, nevertheless, very well sustained hypothesis on this s“^ 
ject. Since accumulations of sand occur at or in the vicinity of all the 
valleys of Yar-connaughl that open towards the west ; and as in each ol 
them there is palpable evidence that glaciers once flowed down them 
towards the west, he cannot but be inclined to believe that these sand* 
originally owed their origin to glaciers. That similar accumulations do 
not always exist at or near the mouths of the valleys in that country, which 
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open eastward, seems due to their glaciers being feeders of the glacier of 
tlie Lough Corrib rallej', which itself was a branch of the glacier that 
flowed down the valley now occupied by the waters of Galway Bay ; how- 
ever, at the mouth of some of those valleys they do exist, and are described 
in the “ Memoirs of the Geological Survey of Ireland ” (sheets 95 and 106). 
Furthermore, his belief is strengthened when he considers that all the accu- 
mulations of this kind of sand in Ireland, with which he is intimately 
acquainted, both at or near the sea-board, and inland, have similar relations 
to valleys in which, if he has not observed the traces of glaciers, yet it is 
not only possible, but also highly probable, that they once existed. Since 
the glacial period, on account of the loose and frail nature of the .Lolian 
sand, they have been a prey to the caprice of the wind or other moving 
forces, and have been drifted hither and thither, and their real relations to 
the more recent deposits have been obliterated. 

Organic Hemains in the Crags . — An important list of these is given in a 
paper by R. Bell, in the “ Geological Magazine ” for June. The following 
is a list of the nett total of each group of which the author has lists : — 



Summary. 
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i 


Cetacea 
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21 
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Other mammalia .... 
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14 
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Aves 
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Pisces 
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Insecta 
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Crustacea 


9 


2 


1 


— 




Ostracoda 


21 


4 


— 


— 





Cirripedia 


10 


8 


3 


3 


3 


Annelida 


4 


1 


2 


— 


1 


Echinodermata .... 


17 


11 


2 


— 


3 


Land and fresh water mollusca 


— 


5 


i) 


22 


19 


Dianne Gaateropoda and Soleno- \ 


19.3 


178 


108 


04 


40 


Opisthobranchiata .... 


14 


5 


3 


4 


3 


Pteropoda 

Laraellibranchiata 


1 

1G9 


1.3.5 


74 


71 


73 


Brachiopoda 


5 


1 


2 


2 


— 


Polyzoa 


125 


30 


5 


— 


3 


Cffilenterata 


4 


6 


2 


— 


— 


Protozoa 


1 


2 


— 


— 


— 


Rhizopoda 


88 


20 


— 


10 


5 


Plantse 


2 


1 




— 


12 


Total m each formation 


676 


452 


213 


185 


200 



American Sttrieg of Iron and Copper Mines . — From the “ Report on the 
Progress of the State Geological Survey of Michigan,” by A. Winchell, L.L.D., 
we learn that the survey of the iron region near Marquette is nearly com- 
pleted. Eleven large maps of the most important mines are nearly ready 
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for tho eoBTaver. Discoverie* have been made of new and large bedi ot > 
iron ore in the forest unsettled country, upon lands owned by the State. | 

The older beds belong to the Iluronian system, several thousand feet thick. 

All the rocks appear to have been of sedimentary origin, though often pn- 
senting combinations suggestive of an igneous character. The following is 
their order, in descending scale; — 1. Quartzite; ‘2. Hematic and Magnetic 
Ores; 3. Ferruginous Quartzite; 4. Diorite; 6. Ferruginous Quartzite; 

6. Diorite ; 7. Ferruginous Quartzite; 8. Diorite; 9. Ferruginous Quartzite; 

10. Diorite ; 1 1. Talcose Schist ; 12. Quartzite ; 13. 1.aurentian. The copper 
region, under the superintendence of Professor Pumpelly, is being mapped 
upon the scale of 300 feet to the inch. The fieldwork has led to the accu- 
mulation of numerous details respecting the distribution of the several for- 
mations, which cannot be presented in a report of progress, but they hive 
necessitated many improvements upon the Geological Map. 

()>taUty of Ann'mt Limettone for BuUding ISwpoiet. — In the “Bullctiil 
de I'Acadi'mie Koyale de Belgique,” No. 2, 1871, ^ Omalins d’Halloy giv« 
a paper of some importance on this subject. The main view of the author 
is that it is not so much the texture of the limestones which has to be takes 
into con.sideration, since the structure and texture of these stones may vary 
immensely, and yet they may all be suited for building purposes, provided 
the layers or beds have not been, as very frequently is the case, dislocated 
by geological upheaving*, whereby many of these kinds of stone become 
foliated, and do not then withstand wind and weather for any length of time 
without crumbling to pieces. 

A Xeie Chinurroid FUh from tht Lyme Reyie Ltaf. — On April 5 last SU 
Philip Grey Egerton, Bart., read a paper on the above. This fish, forwhich 
the author proposed the name of I»chyodu> orihorhimu, was represented bys 
specimen showing the luiterior structures embedded in a slab of lias. It 
exhibited the characteristic dental apparatus the Chimmroids, surrounded 
with shagreen, a very large prelabial appendage six inches long, and termi- 
nating in a hook abruptly turned downwards, and a process which tie 
author regarded as representing the well-known rostral appendage of the 
male Chim®roid, but in this case attaining a length of inches, and 
covered more or less thickly with tubercles, bearing recurved central spineJ 
somewhat tooth-like in their aspect. Thi.s appendage is attached to the 
head by a rounded condyle, received into a hollow in the frontal cartilage. 

The dorsal spine, which measured 0 inches in length, was articulated by a 
rounded surface to a strong cartilaginous plate projecting upwards from 
notochordal axis, and was thus rendered capable of a considerable amount of 
motion in a vertical plane. This structure also occurred in Callorhynehm • 
and Chimerra. ' 

Approximation of the Crinoidea to the Tunicata. — This strange relation- 
ship has been imagined by Mr. J. Rofe, F.R.S., who, in a paper published 
in tho “ Geological Magazine” for June, supports his views rather ably- 
lie says, “ In some other respects there appears to be an approximation of ' 
some of the Crinoidea to some of the Tunicata, as in the pyramidal valvnlse 
of Cystidea and the Chelyosoma ; and the outer tough hags of some of the > 
Tunicata also contain radiated concretions sometimes siliceous, but moR I 
frequently calcareous, thus approaching the test of the Echinodermats- W 
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ako, as is supposed, the Criuoids receWed theii nourishment and the water 
necessaiy for respiration through the arms and the covered channels con- 
nected with them by an internal mouth, probably the power of expansion 
and contraction above alluded to may have been used by the Crinoids for 
the purpose of rapidly ejecting water to clear the internal passages, as is 
done by the Atcidium or sea-squirt, and by the mollusca generally. No 
doubt many objections may be raised to this supposed approach of two dif- 
ferent and perhaps distinct orders ; we know, however, that nature draws no 
bard lines, but abounds in connecting links, and it may be possible that the 
Molluscoidea and the Echinodermata are connected hy the link now sug- 
gested. 



MECHANICAL SCIENCE. 



Strmnt in Ships. — Mr. E. T. Reed, C.B., has communicated to the Royal 
Society a paper containing the results of the remarkable and elaborate 
investigations of the strains in ships of various types, in which he was 
engaged before leaving the office of Chief Constructor. The enormous 
labour involved in such calculations has hitherto prevented the attidiunent 
of definite and precise results, even for still-water strains. Mr. Reed has 
carried out the necessary calculations for several types of vessel, and more- 
over has estimated the strmning action due to the position of a ship on a 
wave-crest and in a wave-hollow. The importance of these calculations, as 
affecting the choice of one type of vessel rather than another, may be 
judged from the following comparison of the straining action in the 
Minotaur and BeUerophon : — 

Ox Wave-Crest. 

** Mlnotatir/* “ Bellerophon." 

Maximum shearing strain . . . 1,365 tons. 556 tons. 

Maximum bending movement 140,300 foot tons. 43,000 foot tons. 



Ix Wave-Hollow. 

Maximum shearing strain . . . 605 tons. 640 tons. 

Maximum bending movement 78,800 foot tons. 48,800 foot tons. 



It may be useful to note that a brief abstract of this paper appeared in the 
" Mechanics’ Magazine ” for May 6. 

The “ Devastation ” and the “ Cyclops ." — The Committee on Designs for 
Ships of War have made a report to the Admiralty respecting these vessels. 
The result at which they have arrived is, that “ ships of the Devastation 
class have stability amply sufficient to make them safe against the rolling 
or heaving action of the waves and in addition, “ as the steadying eOects of 
bilge keels and of friction have been neglected in their calculations, the 
errors are on the safe side.” They estimate that the wind might produce an 
angle of heel of five degrees in addition to that due to the roll of the 
waves, and that with this the ship would still have an ample margin of 
stability. They recommend that the Devastation should be completed with 
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the superstructure, and the Thunderer without it, and suggest certain miner 
alterations in the designs. In regard to the CycU/ps class of vessels, the; 
are equally satisfied as to their stability, even without a superstructure, 
under any conditions of wind and sea to which they will be likely to be 
exposed in the defence of our coast and in making voyages &om port to 
port in favourable weather. They recommend that the four vessels of this 
class in course of construction should be completed with certain miner 
modifications. 

Stability of Sliiju. — Some advance is made in the theory of the stability of 
ships, which since the disaster to the Captain has assumed so great a prac- 
tical importance, in an interesting paper, read before the Institute of Naval 
Architects, by Mr. \V. II. White and Mr. W. John. The paper is too 
mathematical for extract in these notes, but will well repay perusal. 

Machine for Testing Metals. — An extremely interesting machine for test- 
ing metals on a new method has been invented by Mr. G. Bischoff, of Bonn, 
and was described in a paper read before the British Association. It has 
since been exhibited at the Institute of Naval .Architects, and illustrated in 
engineering. Mr. Bischoff first prepares small test strips of the metal 
whose quality is to be ascertained. These are 7 mm. and 05 mm. long, 
and are prepared specially by methods which need not here be described. 
The test strips are then placed in a machine called a mctallometer, in which 
the test strips are bent backwards and forwards through a definite angle, by 
preference an angle of 67 J°. These bendings are effected by a clockwork 
arrangement, and indicating dials are provided to register the number of 
oscillations to which each strip is subjected. Ten strips can, if necessarv, be 
tested at one time. The number of bendings which each strip sustains is, on 
Mr. Bischoff’s system, the measure of the quality of the metal, and, according 
to his experiments, would seem to be an exceedingly delicate test. In 
order to have some fixed standard to which to refer the tests of other speci- 
mens, Mr. Bischofi selects strips of chemically pure zinc. The resistance of 
such strips is remarkably uniform. Knowing the average test of say 
60 strips of zinc, in any given machine at any given angle of bending, we 
have a standard with which to compare the results of tests on other mate- 
rials in the same or other machines. So delicate does Mr. Bischoff believe 
his method of testing to be, that he asserts he can by its aid detect the 
deteriorating effect of -00,001 per cent, of tin when alloyed with pure zinc. 
The objection to Mr. Bischofif’s system is that at all events, in certain cases, 
the preparation of the test strips involves processes which alter the mecha- 
nical properties of the material. 

Kew Form of Braced Bridge. — Professor Fleeming Jenkin has invented a 
new form of braced arch bridge, and has described the mode of determining 
the stresses on the different parts of it, in a paper communicated to the 
Scottish Society of Arts. The stresses are determined by a new graphic 
method of great interest in itself, and which is duo to Professor Clerk 
Maxwell. Professor Jenkin’s braced arch is something like an ordinarv 
Warren girder, in which the bottom boom, instead of being straight and 
parallel to the top boom, is curved into an arch. In the common bowstring 
girder the depth of the girder is greatest at the centre of the span and least 
at the ends. In Professor Jenkin's, on the other hand, the depth is greatest 
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at the enda and least at the centre of the span. In the top boom or 
member of the braced arch the distribution of material is similar to that in 
the boom of an ordinary girder. But in the bottom or arched member the 
section is greatest at the ends and least at the centre of the span. Mr. 
J enkin calculates that a braced arch of 500 feet span, of the same strength 
as the Britannia Bridge, would weigh only 0'C6 ton per foot run, whereas 
the girders of the Britannia Bridge weighed 3'8 tuns per foot run. lie 
states that there would be no difficulty in making the braced arch of cast 
iron in simple pipes, and that the cost of the superstructure of such 
a bridge would be only one-sixth that of a wrought-iron girder bridge. 
The braced arch is also suitable for construction in timber. 

Compound Engina. — In a paper on the Compound Engines fitted in 
H.M.S. Briton, by Mr. G. B. Rennie, it was stated that the ordinary con- 
sumption of fuel had proved not to exceed 2 lbs. per independent high 
pressure per hour. Supposing a ship to carry a given quantity of coal 
and to steam at a given rate, with a given expenditure of power, Mr. 
Rennie has calculated the following table of the relative length of time 
required to empty the coal bunkers, with ships fitted with engines of dif- 
ferent types : — 

Coal cotuumed Number of Dajci* 

Type of Engine. per Ind. n. P. Steaming with 

per Hour. 24U Tons of Coal. 

1. Improved Compound Engine. . . 2 . . 6 days 14 hours. 

2. Ordinary Engine with super- 

heaters and surface conden.wrs . . . . .“I „ 4 „ 

.3. Ordinary Injection Engine . . . . 4| . . 2 ,, 11 „ 

4. High I’ressure Engine 0 . . 1 „ 21 „ 

Nothing could exhibit more clearly the importance of economical types of 
engine for steam navigation, and especially for heavily armoured ships of 
war. The actual consumption of fuel on the trial trips of the Briton varied 
from 1-515 to 1-981 lbs. per independent high pressure per hour. That on 
the trial trips of the Tenedos, with compound engines built by Messrs. John 
Elder & Sons, varied from 1-35 to 2-32 lbs. per independent high pre.ssure 
per hour. 



MEDICAL. 

Edinhtirtjh University rhilosophieal Society. — The firstj session of the 
Edinburgh University Philosophical Society closed on Wednes lay, .\pril 5, 
Principal Sir .Vlexander Grant, Bart., delivering the valedictory address, 
the greater part of which consistetl of an able criticism of the Darwinian 
theory of the descent of man. 

Influence of Noti-nitrogetwiu Food on Man. — Dr. Parkes has been carry- 
ing on his inquiries into the subject of the influence of foods of different 
kinds on man. In the Proceedings of the Royal Society (March) he gives a 
long paper, in which we find it stated what is the influence of a non-nitro- 
genous diet on the system. For instance, the circulation was materially in- 
fluenced. Dr. Parkes says that with an equal pressure the lever wa« thrown 
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almost double the height when the man waa on nitrogenous food. Tli» j 
feeblenese of expansion shown hr the ephygmograph was quite in acconi- 
ancc with the impression given to the finger. The softness of the pdse 1 
proved it was not owing to increased resistance of the arterial walL Wiii ■ 

regard to the temperature, the means are so close to those of the days « ^ 

ordinary diet, that having regard to the fact that the period was shorter sad 
therefore more liable to error, and that some observations were omitted a 
the marching-day, it may bo concluded that a non-nitrogenous diet con- 
tinued for five days neither raised nor lowered the temperature of the aiiili 
and rectum. It therefore shows that when the nitrogenous food of > 
healthy man was reduced to one-half for five days, and he was kept for five 
days more without nitrogen, he was able on the fourth day after such de- 
privation to do a very hard day's work. The non-nitrogenous diet, consist- 
ing of butter, oil, starch, and sugar, kept him perfectly well ; all functoos 
seemed natural, the temperature of the body was unaltered, the pulse be- 
came very soft, and the sphygmographic tracings showed Tery feeble maA- 
ings ; but it was not materially altered in frequency. The ciivuJati® 
appeared to be properly carried on, os far as could be judged of by the 
man's own feelings. The health, as judged of by the man's feelings and 
the absence of objective signs, was perfect. On account, however, of the ; 

feebleness of the heart's action, it was not thought right to continue the 
e.vperiments, which had, he believes, sufficiently proved that force necessary 
for great muscular work can be obtained by the muscles from fat and starch, 
though changes in the nitrogenous constituents of the muscles also go on. 
which have as one effect an increased though not excessive elimination ol 
nitrogen after the cessation of the work. 

Jiromide of Potmnum in Poitoning hy Strychnine. — Dr. Herbert contri- 
butes a paper on this subject to the “ Xew York Medical Journal ” (March). 

He gave it in a case of poisoning by strychnia as a dernier reasori, in doses 
of ninety grains or more, every half hour. “ In twenty minutes after the 
administration of the first dose there was perceptible improvement, which 
continued. In two hours the patient could move his arms. The bromide was 
then given at the rate of one drachm every hour ; but, the convulsions eoming ’ 
on again with greater severity, the remedy was given for one hour every 
fifteen minutes. .\t the end of that time he felt easier again, and the bromide 
was continued in smaller doses, at intervals of a half-hour to two hours, j 
according to circumstances, during the day and following night. In thirty- 
six hours from the time that the bromide was first given he was waliing 
about, feeling a little weak, and occasionally a slight twitch. Concerning 
this cose there are several important points that it would bo well to note:— 

1. The length of time that elapsed before the effect of the poison was 
manifest 2. A very marked tolerance of opium. .1. '\'omiting afforded | 

great relief. 4. The antidotal power of bromide of potassium, 'fhe naked ^ 

facts only are presented ; my professional brethren may draw their own in- / 
fercnces.” j 

The Gastric and Intestinal Tubules. — These structures, in connection with 
their pathological relations, have been very carefully studied by Dr. i 

Flint, Professor of the Practice of Medicine in the Bellevue llospiw' ] 

Medical College, U.S. We merely call attention to the memoir publishe'^ 
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in the “ New York Medical Journal " for March. It is a paper of some 
considerable length, and deals fully with the researches of Handheld, Jones, 
Fox Sind Fenwick. 

Electro-Puncture in Aneurism of the Aorta. — Recent numbers of the 
“ Qazetta Medica Italiana-Lombardia ” contain four additional cases related 
by Drs. De Cristoforis and Machiavelli, in which electro-acupuncture was 
employed for the relief of aneurism of the arch of the aorta. They are 
related in considerable detail, and are of great interest, showing, at least, 
that the practice is an inoffensive one, and gives the patient relief from great 
Buffering. 

Death of a Distinguished Obstetrician. — Professor Pietro Luzzati, of Milan, 
died suddenly on March 22. He was one of the most accomplished obste- 
tricians of his country. 

London Water . — In his report for 1870 to the Registrar-General, Professor 
Frankland states [“ Medical Press”] that during the year each person in the 
metropolis was supplied with twenty gallons of water. His remarks on the 
quality of water are generally favourable, but then he considers 1870 a favour- 
able year to the companies, because of its extreme drought. I’rofessor Frank- 
land supplies also a statement of the weight of nitrogen contained in the 
organic matters found in each sample of water. Organic matters of animal 
origin are more highly nitrogenous than those of vegetable origin, and there- 
fore the presence of any considerable proportion of organic nitrogen in river 
waters known, like those of the Thames and Lea, to bo polluted by sewage, 
must be regarded as throwing grave suspicion upon their quality. Another 
table is given showing the amount of previous sewage or animal contamina- 
tion. So far as chemical analysis can show, the whole of this can be oxy- 
dised and converted into mineral and innocuous compounds when the 
analyses were made ; but there is always a risk that some portion may have 
escaped this decomposition, and produce disease in those who drink the 
water. The risk is much greater when the water is iiem rivers and shallow 
wells than when it is from deep wells and springs. Professor Frankland 
states that while the evidence of this previous contamination in the Thames 
and Lea waters exposes them to grave suspicion, he regards the same evi- 
dence (though grater in amount) in the Kent Company's water as 
practically of no importance, if access of drainage from the upper strata be 
rigidly excluded from their deep chalk wells, and since the spring of 1808 
his analyses afford no indication of any such soakage into these wells. The 
whole report is more favourable than we imagine the next one is likely to 
be, the drought having greatly benefited the companies in the one respect 
of purity of their water. 

Detection of Picrotoxin in Beer. — The “Food Journal” for April quotes 
from the Berlin “ Wochenschrift” some important remarks on this subject. 
It gives a method of detecting the presence of picrotoxin, the poisonous prin- 
ciple of the seeds of Cocculus indicus, in adulterated beer. The analysis is 
based upon the fact that a solution of sugar of lead containing ammonia 
precipitates sugar, dextrin, gum, &c., but not picrotoxin," which, however, 
can be extracted by shaking up the acidulous solution with ether. The beer 
under examination is first treated with ammonia until the smell of that 
substance strongly manifests itself. The precipitate is aUowed to settle. To 
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the liquid, a» soon ns it becomes clear again, an alcoholic solution of sugar 
of lead is added until another precipitate is formed, consisting of insoluble 
dextrin, sugar, &c. Sulphuretted hydrogen is added next, and the filtered 
liquid is boiled down. The acidulous residue is shaken up with ether and 
left to settle, when the ether containing the picrotoiin is drawn off. Piero- 
toxin is a strong tetanic poison, producing vertigo, convulsions, and death. 
It dissolves in strong sulphuric acid, forming a sa&on-coloured solution. 
With sulphuric acid and potassic bichromate it assumes a red -brown, and. on 
beating, a dark brown colour. Another test for picrotoxin is given in its 
action on cupric oxide, which it reduces from alkaline solutions, and when 
boiled with dilute acids takes up water, forming a substance which alsD 
reduces cupric oxide. 

T?ie Effect of lodate of Potauium on Animnlt . — In a recently published 
paper, read before the Iloyal Academy of Belgium, Dr. Meslen, the author, 
gave the record of some experiments upon dogs, to which this salt was given 
along with their food. He concludes from hi.s experiments that iodate of 
potassium is a violent poison ; but this paper is only a preliminsiy notice, 
it being the author's intention to publish an exhaustive account of his ex- 
periments, and of the effects of this salt on the blood and internal organs of 
the animals experimented with. 

Lardaccou! I)i>ca»e . — .\t tlio retiring meeting of the Pathological Swety 
for the present session, the report of the committee on Lardaceous disease 
was produced. This is the name recommended for adoption in the case 
that ha-s received other names also. An increase of cholesterine and of 
chloride of sexlium is said to be present, while the affected organs are de- 
ficient in potash. It was long ago pointed out by Dr. Dickenson fiat de- 
ficiency of alkali was probably dependent on its removal from the blood by 
profuse s\ippumtion, after which the disease is most frequently met with. 

A (lift to Owen'i CoUtye, Manchester . — Miss Brackenhury, of Manchester, 
has signified her intention, according to the “ Society of Arts Journal,” to 
give 10,000/. for the e.stablishiucnt of a medical school in connection with 
the College, being .’i,000/. for the erection of suitable buildings, and 5,000/. 
by way of endowment for the support of the department. It is suggested 
that, as the father of MLss Brackenhury was iu the medical profession, it 
would be a graceful recognition for the governors to endow a Brackenbuiy 
professor. 

A Xerc Theory of Xen ons Action. — This, which was put forward some tim* 
since by Dr. Robert 51‘Donnel, and escaped our notice, we now call attention 
to, for it is very remarkable, and worthy of serious consideration. The paper 
was read before the Royal Irish Academy. The theory is thus stated by the 
author : — “ I conceive that the various peripheral ex]»nsions of sensitive 
nerves take up undulations or vibrations, and couvert them into waves espaWe 
of being propagated along nervous tissue (neuricity, as it has been named). 
Thu.s, the same nerve tubule may be able to transmit along it vibrations 
differing in character, and hence giving rise to different sensations ; and, 
consequently, the same nerve tubule may, in its normal condition, transmit 
the wave which produces the idea of simple contact, or that which produces 
the idea of heat — or, again, the same nerve tuhles in the optic nerve which 
propagate the undulations of red may also propagate, in normal vision 
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those which excite^.the idea of yellow or blue, and so for other senses. I 
adyocate this undulatory theory of sensation in preference to the theory 
of distinct conductors — 1st, because it is simple. 2ndly, because it is 
strongly stqiported by analogy, when compared with wave propagations in 
other departments of science. 3rdly. Because it appears to be in harmony 
with a large number of recognised physiological facts, which seem inex- 
plicable upon the theory of distinct conductors.” 

A Netp^ Opthalmoscope has been devised by M. le Dr. E. Javal. The 
mirror is a plate of glass covered by a thin layer of platinum, and the lenses 
which serve to'correct the refraction of the patient or the observer are re- 
placed by a small Galilean telescope. This, by a simple mechanism, is 
made to act as an optometer, and is exact as well as convenient A greater 
magnifying power is’obtained by this contrivance than by ordinary instru- 
ments, while the remark is made that the instrument is capable of improve- 
ment in some details. It is a great desideratum to be able to correct hvper- 
metropia andf myopia, in all degrees, without tlie trouble of changing the 
glasses, and to gain a greater amplification of the fundus, and we hope 
this new opthalmo.scope mav be perfected. 

A National CoUedion of Surgical Instruments. — Sir William Fergusson 
has proposed to form a national collection of surgical instruments, to be 
placed in the Museum of the College of Suigeons, London, to illustrate as 
far as possible the progress of surgical art in Great Britain, and the improve- 
ments made from time to time in surgical appliances and instruments. 

The Anatomy of the Ciliary Muscle. — Dr. A. Iwanoff has contributed a 
very valuable paper on this subject to the “ Archiv fur Ophthal.” (Bd. xv. 
Abth. iii. s. 284-i?98) which is very ably abstracted in the “ New York 
Medical Journal ” for March. In addition to his former researches into the 
anatomy of the ciliary muscle, contained in a previous number of the “Ar- 
chives,” Dr. Iwanoff has undertaken to discover what differences it may 
have in myopic and hypermetropic eyes. That the difference of refraction 
involves a great difference in the accommodative function has long been 
maintained, and a corre.sponding variety in the ciliary muscle is to be ex- 
pected. It has been maintained that in hypermetropia the muscle would 
be found large and greater in bulk, while in myopia it would be thin and 
smaller. The examination revealed quite another state of facts. In twelve 
myopic eyes, whoso axes were from 28 to 34 mm. in length, in all myopia 
being over one-quarter, there was no atrophy of the muscle, but it was 
thicker and longer than in emmetropia. The muscle is composed of two 
sets of fibres — one external and running in the meridians of the globe, 
pointed out by Bowman and Briicke : the other set internal, at the anterior 
part circular in direction, and described by Arlt and II. Muller. In myopic 
eyes the circular fibres wore almost entirely wanting, and the meridional 
fibres imusually numerous. In four hypermetropic eyes, whose axes were 
from 19 to 20 mm., the ciliary muscle was found thin and pushed forward, 
while in myopia it was thick and shoved backward. In hypermetropia, the 
posterior portion of the muscle was atrophied, the anterior part hjqrer- 
trophied ; that is, the circular fibres were in excess. The difference, then, 
in the structure of the muscle in myopia and hypermetropia is that in myopia 
the meridional fibres are most numerou!>, in hypermetropia the circular 
most numerous. 
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MICROSCOPY. 

Content* of the Microtcopical Journal. — Duiiug the past three months tbe 
contents of this journal, besides several letters, and the reports on the pro- 
gress of microscopical science, hare been as follows : — “ On the Structure of 
the Podura Scale, and certain other Test-objects, and of their Kepreeentatioo 
by Photomicrography.” By Lieut..CoL Dr. J. J. Woodward, U.S. Army.— 
“ Microscopical Examination of Water for Domestic Use.” By James Bell, 
F.C.S. — “ On the Winter Habits of the Rotatoria.” By Charles Cubitt, 
C.E., F.R.M.S. — “The Magnifying Power of the Microscope.” By Count 
Castracane. — “ A Few Experiments bearing on Spontaneous Generatjon.” 
By Metcalfe Johnson, M.R.C.S.E., Lancaster. — “On the Mode of Worldng- 
out the Morphology of the Skull." By W. Kitchen Parker, F.R.S., Presi- 
dent R.M.S. — “Linear Projection considered in its Application to the 
Delineation of Objects under Microscopic Observation.” By Charles Cubitt, 
C.E., F.R.M.S. — “Optical Appearances of Cut Lines in Qlaas.” By Ilenry 
J. Slack, F.G.S., Secretary R.M.S. — “Object-glasses and their DefinitioD.” 
By F. II. Wenham, Vice-President R.M.S. — “Transmutation of Form is 
certain Protozoa." By Metcalfe Johnson, M.R.C.S.E., Lancttster. — “Micro- 
scopical Examination of Two Minerals.” By Prof. A. M. Edwards. — “Ad- 
ditional Observations concerning the Podura Scale.” By Dr. J. J. Wood- 
ward, U.S. Army. — “ Remarks on the General and Particular Construction 
ef the Scales of some of the Lepidopters, as bearing on the Structure of tie 
‘Test Scale’ of Lepidocyrtus curvicollis.” By R. L. Maddox, M.D. — “On 
the so-called Suckers of Dydscus and the Pulvilli of Insects.” By B. T. 
Lowne, M.R.C.S. 

Photomicrograph* for the Stereotcope. — In the “ Microscopical Journal 
for May there is an abstract of Dr. R. II. Ward’s interesting researches on 
this point. Dr. Ward informs us, that in order to photograph, without 
delay, any field of view which a working microscopist deems worthy of 
preservation, he should have a camera mounted on a plank which is blocked 
at one end for the feet of the stand used as a “ working instrument 
Then, whenever desired, the eye-piece is removed, the instrument levelled 
into a horizontal position and placed accurately on the plank, and the mag- 
nified image instantly thrown upon the focussing plate of the camera. 
Finding the usual band, passing around pulleys and over the fine-adjust- 
ment wheel, to be a slight annoyance in carrying out this plan with the 
stand he ordinarily uses (a large stand of the “ Jackson ” model), he makes 
the fine-adjustment by a somewhat soft cylinder of india-rubber lying 
upon the wheel. This cylinder is rather more than three inches long, i® 
an inch and a half in diameter, and weighs about four ounces. It is op^ 
through its centre, like a tube with thick walls and small bore, and is 
mounted upon one end of a straight, light, wooden rod, the other end of 
which is supported on or near the top of the camera. It is prevented 
from rolling off from the fine-adjustment wheel by a horizontal wire, tran.»- 
verse to the axis of the apparatus, attached by a hinge-joint to a post st 
the side of the wheel, loss of motion is simply impo.ssible, and an extreme^ 
fine and manageable motion is secured. The unequalled facility and cer- 
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taioty with which this apparatus can be instantly laid upon the fine-adjust- 
ment wheel, or turned back from it, is sufficiently evident. 

Importance of the Mtcrotcope in working at the Skull . — Dr. Ktcben Parker, 
F.R.S., the President of the Microscopical Society, recently read a paper on 
the above subject before the Society. He says it is all microscopic work ; 
step by step everything has to be made out by the most delicate micro- 
scopical manipulation, and but for that instrument the whole matter must 
have been kept secret to the end of the world. It is impossible to overrate 
the value of such means that lead to such researches, for now we begin to 
see the absolute Unity of the Vertebrate Series — to say nothing of the other 
primary groups of animals. The highest type — the human — passes through 
every stage of morphological structure seen in the series beneath : it does 
not stop at these stages ; it does not utilise, so to say, the incipient struc- 
tures that are ready to be so used, but runs rapidly along its own line, 
choosing, as it were, and refusing, until at length the perfect man is attained. 
Yet this perfection of parts, this production of a creature who in his lowest 
attributes is the “ paragon of animals,” is not brought about irrelatively to 
the rest of creation ; it is merely an elected coneummation of all that is 
highest and best in morphological structure. 

Bleaching Dxatomaceee. — The following note has been published by no less 
an authority than Dr. Maddox. From some experiments conducted lately 
in bleaching both marine and fresh-water forms, the use of chlorate of 
potash and hydrochloric acid appears to him as likely to prove very useful in 
the examination, not only of tlie skeleton, but the disposition of the endo- 
chrome ; and it seems probable the same may be employed with success on 
the minute Algae and minute forms of organic life commonly accompanying 
them in the collection. The proportions used have been varied, but about 
40 grains of the crushed chlorate to IJ drachm of the acid in 1 ounce of 
water, placed in a 2 or 3 ounce phial, closed with a waxed cork, may be 
taken as the average proportions : the action of the evolved chlorine com- 
mences after a short period, and can be watched or modified as required. 
The use of this mixture for the examination of chitinous structures in 
insects was advocated by Dr. Hicks j but Dr. Maddox is not aware of its 
having been extended to the Diatomacese ; therefore the suggestion is made 
in the hope it may be found useful by those engaged in the examination of 
the organisation of these very interesting objects. 



PHYSICS. 

Haw to JLv the Iron-filings acted on hy Magnetism. — All our readers are 
aware how beautifully iron-filings arrange themselves when placed under 
the influence of the magnet. It is not such a simple matter to preserve these 
forms, and the following method, suggested by Dr. S. M. Mayer, in an 
article in the “ Chemical News,” June 0, seems an excellent one. It is os 
follows : — A clean plate of thin glass is coated with a firm film of shellac, by 
flowing over it a solution of this substance in alcohol, in the same manner 
as a photographic plate is coated with collodion. After the plate has 
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remained a day or two in a drj- atmoaphere, it is placed over the magnet, or 
magnets, with its ends resting on slips of wood, so that the under surface of 
the plate just touches the magnet Fine iron-filings, produced by “diaw- 
filing” Norway iron which has been repeatedly annealed, are now afted 
unifonnly over the film of lac by means of a fine siere. The spectrum is 
then produced on vibrating the plate, by letting fall vertically upon it, at 
different points, a light piece of copper wire. The plate is now cautiously 
lifted vertically off the magnet and placed on the end of a cylinder of paste- 
board, which serves as a support in bringing it quite close to the under sur- 
face of a cast-iron plate (1 foot in diameter, J inch thick), which has been 
heated over a large Bunsen-flame. Thus the shellac is uniformly heated, 
and the iron-filings, absorbing the radiation, sink into the softened film 
are “ fixed.” He generally allows the heat to act until the metallic lustre 
of the filings has disappeared, bj' sinking into the shellac, and the film 
appears quite transparent. This degree of action is nece&^.urT when photo- 
graphic prints are to be made from the plate ; hut when they are to be used 
as lantern-slides, he does not carry the heating so for. .-Vfter the plate has 
cooled, it is allowed to fall upon its ends on a table, so that any filings 
which have not adhered may be removed. 

Sei-en Veari' Mapirtic Obfcrvaiitmt . — The llev. J. J. Perry has published, 
in a paper lately read before the Royal Society, the result of seven years 
ohst-rvafions at Stonyhurst. He states that the yearly mean values of the 
horizontal force are found to vary progressively from .1-5920 to 3-G178 m 
British units, the mean for October 1, 1800, being 3-00.34, with a secular 
acceleration of 00042. Calculating from the monthly tables the mean 
value of the horizontal force for the six months from .\pril to September, 
and for the semi-annual jx-riod from October to March, we find the former to 
be 0-0006 in excess over the latter, sho-wing that this component of the 
inten.sity is greater during the summer than during the winter months. 
Treating the dip observations in a precisely similar way, we obtain 69° 4o 
21" ns the mean value of this element for October 1, 1866, subject to a 
secular diminution of 1' 49"-2 ; the extreme yearly means being 6tP 48' i~" 
and 60° 37' 62". The resulting excess of 10" for the winter months in tie 
computed semi-annual means is so small that the observations tend mainly 
to show that the effect of the sun’s position is not clearly manifested by any- 
decided variation in the dip. Deducing the intensity from the above 
elements, we obtain for the summer months the value 10-4136, whilst that 
for the winter months is 10-4128. The intensity of the earth’s magnetic 
force would thus appear to increase with the sim’s distance, but the differ* 
ence is not large enough to have more than a negative weight in the ques- 
tion under discussion. This weight, moreover, is lessened by the slight 
uncertainties arising from the probable disturbing causes at the first siag- 
etic station. 

Attraction caused by Vibrations of the Air . — In the “Philosophical 
Magazine ” is a paper by Professor Challis, in which the author miuntains 
that the condensation in waves propagated from a centre -will vary invereelj 
as the distance, and that the rate of diminution of the condensation or rare* 
faction with distance from the centre will be continually changed from ths 
law of the inverse square of the distance to that of the simple inverse of the 
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distance, provided there be alternate condensations and rarefactions, as seems 
to be inevitable ; for it is contrary to known bydrodynamical laws to suppose 
the poesibility of a solitary wave of condensation. The above-mentioned 
■velocity gives rise to a continual flow from the rarified into the condensed 
parts, and just in the proportion required for altering the law of diminution 
■with the distance from the inverse square to the simple inverse. Professor 
Challis believes that the attraction of magnetism is caused by vibration, to 
-which he might have added the attraction of gravity — a doctrine long since 
propounded by Robert Hooke, and of which an account is given in his pos- 
thumous works. In the revolving grate erected by Boulton and Watt 
beneath a steam-boiler at the Bank of England, the coal was fed by a scoop 
moved by a cam, which advanced the scoop gradually over an orifice, carry- 
ing coal with it, and then suddenly drew back the scoop, when the coal, by 
its inertia, remaining behind it, fell into the fire. In this case we have a 
backward and forward motion causing bodies subjected to it to travel in a 
certain direction ; and if we suppose a similar motion to exist in the 
particles of bodies, an attraction like that of gravity will be the result. — 
Society of Art* Journal. 

Phystet of Arctic Ice. — Mr. Brown has published, in the “ Quarterly 
Journal of the Geological Society” (February 1871), a very long and im- 
portant paper on the above subject, especially as regards Scottish geology. 
The author concludes : — 

(«.) That after the Tertiary period the country was covered with a great 
depth of snow and ice, very much as in Greenland at the present day ; but 
possibly some of the mountain-tops appeared as islands. During this and 
the subsequent period glaciers ploughed their way down from the inland ice, 
and icebeigs broke off and reached the sea through the glens, then ice-Qords. 

(/}.) After this the country sank gradually, as Greenland is now sinking, 
to the depth of several hundred feet ; and during this period most of the 
glacial laminated fossiliferous clays were formed. During this period 
boulders werd deposited from the icebergs broken off from the glaciers of 
Scotland, as well as from the icebergs and other floating ice drifted both 
from the north and south, ns was also the case during the former (a) period. 

(y.) The country seems then to have emerged from the water, but no 
doubt slowly, untU the glaciers finally left the country. 

(f.) By this time the country was much higher than now, and the land 
being connected with the continent, the bulk of the present flora and fauna 
crept into it from various quarters, though the alpine plants still kept posses- 
sion of the higher mountain-regions during a great portion of this epoch. 

(f.) A depression now took place, and the estuarini beds, or corset, of the 
Scotch rivers were formed. Much of the fossiliferous boulder-clay was 
formed as he has described it ; is now under the sea ; off the coast remains 
of its fauna are continually dredged up. Mon had also by this time got into 
the country. 

(I.) The land after this seems to have risen, in all probability, to its pre- 
sent level, for we have no certain evidence that since the dawn of history 
there were any oscillations of level. 

A Temporary Accidental Fountain. — M. H. Vogelsang gives, in Poggen- 
dorfF’s ” Annalen” (No. 2, 1811), a long account of a curious fountain 
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which came within hie experience at Delft, in Holland. It appears thit, b t 
order to obtain fresh water for domestic purposes, a so-called Norton pump- 
tube was being rammed down in the alluvial soil (peat-bog chie^T). 
^Vhen at a depth of 17'5 metres below the surface, and very nearly as much ^ 
below sea-level at that locality, the ram-block was suddenly lifted byamui 
of gas issuing from the opening of the iron tube, immediately followed b; 
water, which rose to a height of 14 metres, and continued to do lo 
some fourteen hours ; after that lapse of time, the fountain became for a lew 
weeks intermittent. The temperature of the water was 13°. The composi- 
tion of the gas, in 100 parts, by bulk, was found, by Dr. A. C. Oudemaui, 
jun., to consist of 01-2 of marsh gas and 8 2 of carbonic acid, with traces 
only of air, while carbonic oxide and heavy hydrocarbons were proved to k 
absent. The phenomena alluded to ceased when, after some weeks, the 
iron pump-tube was forced down to a depth of 26 metres. 

/r<m ns a Filter and Deodoriser. — Attention has been called to the use of 
spongy iron as a deodorising material which. Dr. Voelcker considers of greaia’ 
potency than animal charcoal. Sewage water passed through a filter of tkii 
substance is completely purified, and this filtered water, after having been 
kept six months protected from the air, was perfectly sweet, and fiee from 
any fungus growth. The spongy iron is obtained by calcining a finelv 
divided iron ore with charcoal. Mr. Spencer, whose name is connected 
with the discovery of the electrotj-pe, has for some time been advocating the 
use of a filter of this description. Its power of rendering water beautifullf 
transparent, and apparently free from all organic matter, is its strong 
recommendation. We ourselves have had a considerable experience of tie 
Spencer filter, and we consider it an admirable one. 

A Drop of Water on a Hut Plate. — The “Society of Arts Journal" 
(May 20j, quoting from Poggendorff's “ Annalen,” gives an account of an 
experiment made by E. Budde, to ascertain whether a Leidenfrost’s drop 
with water could be produced at a less temperature than 100 C. The ei' 
periment was made by letting a drop of water fall upon a hot plate covered 
by a partially exhausted receiver, and it was found that the drop assumed 
the spheroidal condition at a temperature of 86 C., confirming the doctrine 
that the force which supports the drop obeys the laws of the pressure of 
vapours. The star shape assumed by the drop Berger was explained to be s 
phenomenon of vibration. If the drop is large it behaves like other 
vibrating bodies, and divides into aliquot parts, forming nodes or loops. 

Depolarisation of Iron Ships. — Mr. Charles F. Henwood, a member of 
the Institution of Naval Architects, read a paper at the late meeting of the 
Institution (March .30) on the invention of the late Evan Hopkins, C.E.,F.G.S., 
by which the sub-permanent magnetism of an iron ship, the principal cause 
of the deviation and consequent depreciation of the compass, is stated to be 
completely and permanently removed. The paper contained a number of 
extracts, and a table showing the deviations of the compass of 
Northumberland before and after depolarisation, which will be given in the 
“ Transactions " of the Institute. 

A Colour Experiment in Optics. — In a late number of the “ Proceedings 
of the Itoyal Society ” Sir Cbailes Wheatstone says that few experiments in 
phymcal optics are so beautiful and striking as the elegant pictures formed 
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by cementing laminae of selenite of different thicknesses (varying from 
3 o ^6 5 o of inch) between two plates of glass. Invisible under 
ordinary circumstances, they exhibit, when examined in the usual polarising- 
apparatus, the most brilliant colours, which ore complementary to each 
other in the two rectangular positions of the analyser. Regarded in the in- 
strument which he has described, the appearances are still more beautiful; 
for, instead of a single transition, each colour in the picture is successively 
replaced by every other colour. In preparing such pictures it is necessary 
to pay attention to the direction of the principal section of each lamina 
when different pieces of the same thicknesses are to be combined together to 
form a surface having the same uniform tint ; otherwise in the intermediate 
transitions the colours will be irregularly disposed. 



ZOOLOGY AND COMPARATIVE ANATOMY. 

Ceratodui a Gmut of Ganoid Fishes . — Dr. Albert Guthrie has sent a paper 
to the Royal Society descriptive of this curious fish, which has lately been 
discovered in Australia. It seems to be a species of ganoid fish, not very 
unlike the well-known Lepidosiren. After describing the various points of 
its anatomy in detail, the author of this important paper draws the follow- 
ing conclusions. 1. That Ceratodus and Lepidosiren {Protopterus) are more 
nearly allied to each other than to any third living fish, the latter genus 
diveiging more towards the .\mphibians than the former. 2. That the 
difference in the arrangement of the valves of the bulbus arteriosus cannot 
longer be considered of sufficient importance to distinguish the Dipnoi as a 
sub-class from the Ganoidei ; but that the Dipnoi may be retained as a sub- 
order of Ganoidei. 3. That the sub-order Dipnoi may be characterised as 
Ganoids with the nostrils within the mouth, with paddles supported by an 
axial skeleton, with lungs and gills and notochordal skeleton, and without 
branchiostegals. 4. That a comparison of Teteostei, Chondropterygii, and 
Ganoidei shows that the two latter) divisions, hitherto regarded as sub- 
classes, are much more nearly allied to each other than to the Teteostei, 
which were developed in much more recent epochs ; and therefore that they 
should be united into one sub-class — Palceichthyes — characterised thus ; heart 
with a contractile bulbus arteriosus ; intestine with a spiral valve ; optic 
nerves non-decussating. 

The Sub-a.vial Arches in Man. — These form the subject of a very elaborate 
paper presented to the Royal Society by Mr. G. W. Callender. The author 
appears, so far as we can see, to admit Owen's division of the cranial ver- 
tebne, but imagines that two or more are essential parts. This paper shows 
considerable knowledge of the subject, but, so far as we can see, it is open 
to very serious objections. The paper) will be found in abstract in the 
“ Proceedings of the Royal Society ” (March), and will be read with interest. 

Experiments in Pangenesis. — Mr. F. 'Galton, F.R.S., has undertaken a 
series of experiments which he thinks render it impossible to accept Mr. 
Darwin’s doctrine of pangenesis. These consisted in breeding from rabbits of 
a pure variety, into whose circulation blood taken from other varieties had 
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preTiougly been largely transferred. The results were the same as if k ^ 
bleeding bad taken place at all. Hence Captain Gallon cries out agaicK 
the doctrine of pangenesis. But it seems to us perfectly clear that no othe: 
result would have been expected, even by a Darwinian disciple, from 3ii 
Galton’s experiments. We fail to see the force of his reasoning. 

The Process of iitlicijkatum of Ammals. — On June 2 a paper was rtai 
before tbo Geologists' .Association by Mr. M. II. Johnson, F.G.S., <ai tk 
above subject, and it contained some interesting facts. The author poinUsi 
out how a crop of sponges invested with their gelatinou.s flesh or sareode, 
and living at the bottom of a deep ocean, were suddenly buried in a tiki 
stratum of white m d, consisting of the minute shells of Foramtnifert, titat 
they then died, and while in the process of decomposition thin interchaagt 
of materials took place — the nascent carbonic acid parting with its carl»3 
in exchange for the silicon of the silicate of soda which sea-water is knoT3 
to contain. At the close of the paper, the author produced a tadpole, up;a 
which he had experimented, and which he had that afternoon subjecteJ 
for two hours and a half to the action of nitric acid, without its undergoic. 
any alteration, the inference being irresistible that the animal had becenr; 
invested with a film of silica of sufficient thickness to protect it from ti- 
acid ; another tadpole that had not undergone the same preparation having 
been converted into a brown cloud by immersion in the acid for the stm; 
time. 

Developnunt of Isotoma U'alkeri. — In the second volume of “ Memoirs 
which the Peabody Academy has just published, there appears a most valu- 
able paper by Mr. A. S. Packard, jun., on the above subject. Speaking 
of the head, the author says, that it is so entirely different from what it ii 
in the adult, that certain points demand our attention. It is evident that n 
this period the development of the imsect has gone on in all importml 
particulars much as in other insects, especially the Xeuropteroiis .I/yntacaio 
as described by Zaddach. The head is longer vertically than horizontally, 
the frontal or clypeal region is broad, and greater in extent than the ep- 
cranio-occipital region. The antennae are inserted high up on the hesd, 
next the ocelli, falling down over the clypeal region. The clvpeus, h®*' 
ever, is merged with the epicranium, and the usual suture between them 
does not appear distinctly in after life, though its place is seen, in the eJsie- 
rate figures which accompany the paper, to be indicated by a slight indenU- 
tion. The labrum is distinctly defined by a well-marked suture, and fomu 
a squarish knob-like protuberance, and in size is quite large compared to 
the cljrpeus. From this time begins the process of degradation, when the 
insect assumes its Thy.sanurous characters, which consist in an approach to 
the form of the Myriapodous head, the front or clypeal region being re- 
duced to a minimum, and the antennas and eyes brought in closer proxiflUtT 
to the mouth than in any other insects. That other most essential Thy- 
snnurous characteristic, the spring, is now fully formed. It arises as « | 

thick tubercle from the stemite of the penultimate segment of the abdo- 
men, and subdivides into a pair of two-jointed finger-shaped prolongation.^ 

The tip of the abdomen is deeply bilobate, the median lino of the body 
being deeply impressed. ^ 

Australian Silk. — The Acclimatisation Society of Sydney have reccired , 
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some silk-worm eggs from Japan, and are willing to distribute a portion of 
tlie same to other societies, also to private individuals, who can satisfy the 
Society that they have a sufficient quantity of mulberry leaf of their own 
g^wing to sust^ the worms properly. It is hoped that the attention of 
colonists will be given to propagating the mulberry. 

The Ovipotitor in Spring-taiU and thetr Kindred. — Mr. L. S. Packard 
describes, among other structures, one of the above, which is rather novel. 
He is disposed to consider it an ovipositor. In the genus Achorutes it may 
be found in the segment just behind the spring-bearing segment, and 
situated on the median line of the body. It consists of two squarish valves, 
firom between which project a pair of minute tubercles, or blades, with four 
rounded teeth on the under side. This p^ of infinitesimal saws remind 
one of the blades of the saw-fly, and he is at a loss what their use can be, 
unless to cut and pierce so as to scoop out a place in which to deposit an 
egg. It is homologous in situation with the middle pair of blades which 
compose the ovipositor of higher insects, and if it should prove to be used 
by the creature in laying its eggs, we should then have with the spring an 
additional point of resemblance to the Neuroptera and higher insects, and 
instead of this spring being an important differential character, separating 
the Thysanura from other insects, it binds them still closer, though still 
diflering greatly in representing only a part of the ovipositor of the higher 
insects. 

The Tarsi of Dytiscus . — In a very important paper on this subject, by Mr. 
B. T. Lowno, M.R.C.S., in the “ Monthly Microscopical Journal” for Juno, 
there are some interesting statements. It says that there ore about 200 disk- 
bearing hairs on the anterior dilated tarsu.s of Dytiscus maryinatm, punctulatus, 
or circumflexus, the three common llritisli species. Two of the disks on each 
tarsus are of remarkable size, and iliffer in several points beside size from the 
remainder. The largest of the large disks is situated on the posterior portion 
of the proximal tarsal joint, close to the tibia, and usually measures ith of 
an inch in diameter. The smaller is about half this diameter, and is situated 
in front of the larger. The other disks cover the remainder of the dilated 
portion of the tarsus, and are not more than about j^th of an inch in dia- 
meter. The middle pair of tarsi have their imder side clothed with a dense 
pad of disk-bearing hairs similar to the latter. If the integument of the 
upper surface of one of the anterior dilated tarsi be carefully removed, the 
cavity of the tarsus will be found to be occupied, in groat part, by a large 
but delicate sa& The main trachea with its sacculus and the tendon of the 
last tarsal joint will be seen lying upon it, and these occupy all the remain- 
ing space in the cavity of the tarsus. The sac will be found full of a gela- 
tinous viscid substance, the same as that which exudes from the hairs. It 
is well supplied with tracheal vessels from the main tracheal trunk, indicat- 
ing that it is an active secreting gland. If a portion of the upper part of 
the sac be removed, and its contents cleared away with a camol’s-hair 
pencil, the internal orifices of the disk-bearing hairs of the pulvillus will be 
seen distinctly in the centre of nipple-shaped projections of the integument 
which project into the sac. 

The Oyster Cidture.—A valuable report on the present efforts in this 
direction will be found in the “Journal of the Society of .iVrts,” May 6. 
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Curious Habit » of the Capelin. — The following note appears in the “Ams- | 
lican Naturalist” (April). The Capelin {MaUotut rillostu), an inhahitaat d 1 
the northern aeas of the Atlantic coast of America, is well known as a Uh ' 
for cod-fish. It visits the ahorea of America during August and Septem- 
ber, for the purpose of spawning, when it is so abundant as to darken tbi | 
eea for miles. There are some peculiarities about the method of its spawn- 
ing ■, the females, on approaching the beach, being attended by two mslsi, 
who hold the female between them, by means of the ridgfe of cloeelj set 
brush-like scales with which the males alone are provided, so that she is 
almost entirely concealed. In this state the three run together with gret; 
swiftness upon the sand, and in this act the spawn issues from the fenuk, 
which is simultaneously fertilised. An immense business is carried on in 
the capture of the capelin as bait for the cod, the French fishermen slims 
obtaining, from the fishing-ground off Newfoundland, from sixty thousaiid 
to seventy thousand hogsheads annually for this purpose. 

Ojwemm Skins for Glares. — Considerable purchases, says the “South 
Australian Ilegister,” have lately been made of opossum skins, for ship- 
ment to England, for the manufacture of gloves. The Australians appes; 
to be very glad, for opossums are a frightful nuisance to gardens, crops, id 

Risso's Dolphin. — At the meeting of the Zoological Society, June 6, Pro- 
fessor Flower, F.R.S., gave a description of a specimen of the so-called 
Risso's dolphin, which had been taken in a mackerel-net near the EddysWae 
Lighthouse, and of a second specimen of the same dolphin subsequentlr 
purchased in Billingsgate Market. After a searching investigation of tit 
history of this supposed species. Professor Flower came to the conclusion 
that the differences usually held to separate it from the Delphinus griteui o! 
Cuvier were untenable, and that the species should be correctly designated 
Grampus griseus. 

Prizes for the Economic Entomology of Great Britain. — The following 
prizes for collections of economic entomology are offered by the Royal Hor- 
ticultural Society: — 1. A prize of 10/. for the best collection of Brititi 
insects injurious to any one plant, as the oak, pine, cabbage, wheat, &c. (tho 
choice of plant to be left to the competitor). The insects to be shown si 
much as possible in their various stages of development— eggs, larva, chtv- 
salis, and perfect insect. In judging, a preference will be given to those 
collections which most successfully illustrate the life-history of the insect, 
and exhibit the mischief done, whether shown by specimens, drawings, 
models, or other means. Examples of the application of drawings, models. 
and specimens to this purpose may be seen in the Society’s collection in the 
South Kensington Museum. 2. A second prize of 3/. for the second-be't 
collection. 3. A prize of 61. tor the best miscellaneous collection of any 
branch of British economic entomology, similarly illustrated. 4. A second 
prize of 21. far the second-best collection. The collections to be sent to Mr 
James Richards, assistant-secretary. Royal Horticultural Society, on or 
before May 1, 1872, each collection bearing a motto, and a separate sealed 
envelope, with the motto on the outside, and the name of the coropetito' 
inside. The Society is to be entitled to tike from any of the collections 
in, whether succe.ssful or not, whatever specimens or illustrations they may 
choose, at a price to be fixed by the judges. The judges to have power to j 

refrain from awarding the prizes should the collections seem not worthy. ' 
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HOW FISHES BREATHE. 

Bt JOHN C. GALTON, M.A., M.R.C.S., F.L.S, 

Lats Lbctitsks ok Coxpabatiys Akatomt at Chakiko Cboss Hospitai. 

[PLATE LXXVI.] 



" Solemoe rat Kstnne, anica actione, et eodem instnunento plun conunoda 
acqairere. Hoc prtecipne in respiratione obserratur.” — Bouixi. 



T he common expression, “ to drink like a fish,” contains 
much latent truth, though this animal seems hardly, at 
first sight, to furnish an apt illustration of excess, seeing that, 
living as it does in water, it must perforce practise temperance, 
if by temperance abstinence from all fermented fluids be 
understood. / 

Nevertheless, a fish “ drinks hard ” — as often, say, as twenty 
times in a minute* — but not in the sense that we understand by- 
drinking, as a compensation for loss of water from the body 
by various means, and through various channels, or merely to 
satisfy, toper-like, the capricious cravings of a “ thirsty soul.” 
No ; most of the water which enters so constantly into its 
mouth never reaches the stomach, but, after rippling over those 
beautiful organs, its gills, passes straightway away from the 
body, having, in this short period, by purifying the blood, 
renewed the lease of a life which is held by a tenure only too 
slender — a result the converse of which more commonly attends 
the more potent draughts, often as periodic, but luckily less 
frequent, of certain “ higher animals.” 

As the subject of the present article is rather the mechanical 
than the minutely anatomical, physiological, and chemical 
processes involved in the breathing of fishes, a very brief 
summary of the circulation of their blood must suffice. 

The blood, which has become befouled and impoverished in 
its journey through the various organs of the body, finds its way 
to the heart — the great pumping-station of the physiological 
sewage in the body of a fish — by means of two longitudinal 
trunks, one on either side, which meet, each through the 
medium of a transverse channel, in a large antechamber, 

* A pike which the author timed, the other dar, at the Gardens of the 
Zoological Society was gulping in water at about this rate. 
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which also receives, tlirough a special canal, the blood from 
the digestive organs. This antechamber communicates directlj 
with the two-chaml)ered heart, which corresponds — in function, 
at any rate— with the right half of the four-chambered heart of 
warm-blooded animals. Tlie blood, propelled by the contrac- 
tions of the muscular walls of the second chamber, or ventricle, 
of the heart, and of the root (“ conus arteriosus,” b'ig 6, b a) of 
the main trunk proceeding from the heart, next finds its wst, 
by means of tlie branches of this main channel, into the leaves 
of that very compendious volume on respiration — the gills 
(“branchia”), and then discharges its ballast, carbonic acid, 
for a better cargo, oxygen.* 

Vein-roots, as many in number as the arterial branches 
which conveyed tlie impure blood to the gills, collect and 
carry with them the regenerated fluid to a kind of rendezvous 
at the base of the skull — the “ aortic circle” (“circulus cepha- 
licus”) — from which the greater part flows on in a single main 
trunk, or aorta, to be distributed, through various branches, to 
various parts of the body. 

Having thus very briefly considered the means by which the 
blood is brought to the gills, there to exchange the old for 
that which is new, the impure for the pure, and the deadly 
for that which sustains life, wo will next proceed to study more 
in detail tlie jirocess by which water is admitted to the gills, 
and the way in which these organs first make the most, and 
afterwards rid themselves, of the streams which Ijathe their 
fringing folds. 

If a fish — for instance, a pike — be observed under fairly 
natural conditions, e.g. in the water of a large aquarium, it 
will lie seen from time to time to make a kind of gulpiOp’ 
swallowing movement with its mouth. After the jaws have 
been o])ened, there is a slight, but appreciable, pause, after 
which a whitish fleshy fold or curtainf will be seen to descend 
from the interior, not the edge, of the upper jaw, a little 

• It must be borne in mind that the gill-laboratory of the fish does not 
rob, as by a sort of electrolysis, the wafer of that oxygen which is one of 
its two elementary constituents, but only of the free oxygen derived from 
the air liold in solution by the water, .\ltbougb the quantity of free oiygei* 
present in water is much less, volume for volume, than that conUiined in 
air, seeing that the source of such oxygen is the air itself, held in solution 
in the waU r, this imprisoned air is, on the other band, somewhat richer in 
oxygen than ordinary atnio.spheric air, for the reason that oxygen is twice as 
Boluble as nitrogen in water. 

t Cuvier's description of this structure is so good that it is worth while 
to transcribe it hero in full ; — “ II y a geueralement en dedans de chsijia' 
machoire, derri^re les dents anteirieure.s, une espece de voile mombrancui 
ou de valvule fonu6e par un repli de la peau intdrieure et dirig^e en arriei^ 
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behind its tip, and to be met simultaneously by a similar 
screen which rises from behind the tip of the lower jaw. This, 
as Cuvier suggests, has probably the effect of preventing any 
reflux of the water which has just been taken in, and possi- 
bly, which Professor Owen doubts, the escape also of food from 
the mouth. 

Simultaneously with the appearance of this curtain, or 
“ velum,” a peculiar kind of spiny ruff (6 s, P'igs. 1 and 4), pre- 
sently to be described, seen around the throat, so to speak, of 
the 6sh, exptands, and almost immediately the mouth is shut. 

The above action, seemingly so simple both to witness and 
to describe, presents one difficulty and complexity to the ob- 
server, viz. that he has to keep his eye on two points which 
are somewhat wide apart, namely, the “ velum ” in the mouth 
and the prickly ruff around the throat of the fish. Hence may 
result an error differing only from the “ personal equation ” of 
the astronomer, in that it concerns but one sense, for which 
some allowance must be made. 

As the observer, imless he has no respect unto his fingers, 
will not care to make very prolonged explorations into the 
interior of the mouth of a living fish, at all events of the kind 
which has been instanced, he must content himself with 
making further observations on a dead specimen. 

In considering the various modifications of the breathing 
organs of fishes, it will be found practically convenient to 
follow the arrangement adopted by Prof. Owen in his Hunterian 
Catalogue of the contents of the JIuseum of the Royal College 
of Surgeons. 

a. The respiratorjj currents enter by the mmUh and are 
expellefl by an orifice on each side* If we take a pike and 
look down its widely opened mouth, we shall see at the back of 
the throat something like that which has been represented, 
diagram fashion, in Fig. 3. At the front of the floor of the 
mouth will be seen a small tongue, not flexible and protnisive 
as in ourselves, but having its range of motion limited by that 
of the median chain of bones of which it forms the tip. On 
either side of the narrow floor, which is carpeted here and 
there (see dotted part of the figure) by rasp-like sets of very 

dont I'effet doit etre d’cmpeclier los aliincns ct surtout I'cau avalee pour la 
respiration, de ressortir par la bouclie .” — llUtmre Naturdle dea Poisaona, 
vol. i. p. 497. 

This organ, from a kind of remote analogy to the velum pntdulum palati, 
a structure which, with the tonsils, is absent in all fishes, may conveniently 
bo termed “ velum.” 

* Fishes in which this occurs were once termed, for reasons which we 
shall see presently, “pLsces branchiis liberis.” Most of them have a bony 
skeleton. 

A A 2 
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fine teeth, rise four jointed columns, the last pair of which 
form the door-posts, so to speak, of the gullet. The sjnces 
which are necessarily left between these pillars are not filled 
up by any membranous wall, but serve severally as inlets to a 
chamber on either side, which, in that it lodges the gills, may 
conveniently be called “ branchial.” Each branchial chamber 
has further its communication with the world of waters with- 
out carried on or cut off by the opening or shutting of a door 
or lid — the “ operculum ” {op. Fig. 1; o, so, io, po. Fig. 4)* — 
hinged on behind the eye and put in action by a special set of 
muscles. 

To return for a short time to the pillars just mentioned. 
Each of these is hinged on below — the word will be better 
appreciated presently — to certain of the median chain of 
bones (see Fig. 2) which carry the tongue at their tip ; and 
further consists of a variable number of pieces — at most four — 
also hinged on to one another, which have been termed (pro- 
ceeding from below upwards) hyo- cerato- epi~ and pharyngo- 
hranchieds {h b,ch,eb,p b. Fig. 2). The two first pair of pillars 
possess all these members, while the third and fourth have a 
hyo-branchial in common ; the pharyngo-branchials of the first 
pair are, further, small and slender bones, while those of the 
succeeding three pairs are broadened out, and are armed on 
their lower surfaces, i.e. those which look downward into the 
pharynx, with fine teeth. 

Since each pair of pillars, through being made up of jointed 
pieces, makes a very appreciable but varying curve with the 
floor and roof of the throat, they have been not inaptly termed 
“ arches.” t The three lower members of each arch further 
carry on their concave (inward-looking) aspect, two rows of 
tooth-like projections (see Fig. 2), which vary much in shape 
and arrangement in the different species of fish ; while on their 
convex (outward-looking) surface they are grooved for the 
lodgment of the gill-plates (Fig. 5), which are arranged, comb- 
like, in a double row on the first three arches, but, in many 
cases, in single series only on the fourth. The foundations, lastly, 
of a rudimentary fifth arch are represented on either side by 
the so-called “inferior pharyngeal bones” {ip, Figs. 2 and 3). 

Before leaving the arches we must notice certain important 

• Lat. opercidum, a cover, lid ; from operio, I cover. The same word is 
applied to the door by which the whelk, periwiakle, and other snail-like 
molluscs close the entrance to their shells. 

t For the latest views on the homologies of these branchial arches — a 
most interesting subject, but one which does not come within the scope of 
this article — the reader is referred to a paper by .Mr. St. George Mivart, 
F.U.S., “ On the Vertebrate Skeleton,” published in the last volume of the 
Tramactions of the Linnean Society, 
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purposes whicli are served by their jointed arrangement. 
1 . Each half-arch, in being set on at an angle with the median 
chain of tongue-bearing bones (see Fig. 2), can, by the action 
of special sets of levator and depressor muscles,* be made to 
form a greater angle with this middle base line, and so simul- 
taneously bring about both the widening of each entire arch 
in its transverse diameter, and the increase of the space 
between it and its neighbours in front and behind. 2. It is 
possible for the upper and lower pharyngeal teeth-plates ( p 5, 
i p. Figs. 2 and 3) to act upon each other, and so be the means 
of a mastication of food in some sort.f 

I^et us now briefly turn our attention to the spiny ruflf 
■which surrounds the throat of the fish. The bulk of this is 
formed on either side by two liones, the epi- and cerato-hyals^ 
jointed on, one behind the other (e /i, c /t. Fig. 4), the former 
and most posterior of which is brought into relation with a 
bone — the “ hyo-mandibular ” — which is the chief support of 
the lower jaw, through the medium of a small bone, the 
“ stylohyal while the most anterior, the “ cerato-hyal,” is 
hinged on to the chain of tongue-bearing bones, not far behind 
its tip (• Fig. 2). This arch, like those which carry the gills, 
has, therefore, a very fair range of motion. The epi- and 
cerato-hyals further give support to certain curved bones (6 a, 
Figs. 1 and 4), which afibrd attachment to an intervening 
membrane, in the manner of the ribs of an umbrella. These 
vary in numberj and in mode of attachment, being hung on, 
sometimes to the outer, sometimes to the inner sides of their 
supports — why, it is not easy to say — and are called, from 
their office, “ branchiostegal rays.”§ From ray to ray of this 
apparatus passes a muscle, which is attached behind to the 
inner surface of the operculum. This, by raising the rays, and 
acting at the same time in antagonism to a depressor muscle 
which rises from the cerato-hyal of the opposite side, and is 
inserted into the foremost of the rays, spreads out the bran- 
chiostegal membrane umbrella-fashion. “These muscles,” as 

* The levators, ilepressors, and retractors of the branchia. See Cuvier, 
Hist. Nat. den rutttsons, tome i. pi. v. and vi. 

t “The necessary co-operation of the jaws," observes Prof. Owen, “with 
the hyoid arch in the rhythmical movements of respiration is incompatible 
with protracted maxillary mastication; and, accordingly, the branchial appa- 
ratus renders a compensatory return by giving up, as it wore, the last pair 
of its arches to the completion of the work which the proper or anterior 
jaws were comjielled by their services to respiration to leave unfinished." 

t In the Si/ngnathu$ (Figs 0 and 7) they are entirely wanting. Polt/p- 
terw has but one, and there are only three present in Cyprimu. 

{ From the Greek Ppayyie, gills, and sri'yiiv, to cover. 
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Professor Owen observes, “ regulate the capacity of the branchial ^ 
chamber, and mainly act upon the water it contains." i 

The only point to be noted about the operculum is, that it 
consists of four elements (see Fig. 4) fastened together, so as 
functionally to b«' one scale-like bone. This can be set ajar, 
door-wise, or be brought close to the head by the action of 
special muscles ; the hinge, so to speak, l>eing at its anterior edge. 

Having now described the apparatus for branchial breathing, 
let tis take an anatomical glance at the method by which a 
single respirat(»ry act is effected in an osseous fish. 

This act ‘•differs," as Professor Owen well observes, •‘from 
that of swallowing, only in the streams of water l>eing pre- 
vented from entering the gullet, and being diverttKi to the 
branchial slits on each side the pharynx.” First, the mouth is 
op<-ne<l by the drawing lack of the maxillary bones, and the 
pulling downwards of the mandible by their propter muscles, 
while at the same time the two “ rami,” or branches, of the 
latter bone are separated wider iMdiind by the action of certain 
muscles on its supports (the “ liyo-mandibular ” arch ). The 
result of this latter act is the widening of the branchial cavity, 
the sptace of which is further increased by the optening of the 
opercular doors, and by the spreading out of the branchio- 
stegal rays, and consecpient stretching of the membrane ex- 
tended bc-tween them. The branchial arches are, moreover, 
drawn forward by the action of their levator muscles, i.e. are 
forced to make a greater angle with the median chain of bones 
than they do when at rest. During this time the water, whose 
reflux from the mouth is barred by the action of the “ velum’’ 
already descriK'd, rushes through the tecth-guarded sluices* of 
the branchial arches, and washes over the gill-pilates, freely 
distributing the stores of life with which it is laden. Next, 
the fissures leading to the gill-chamber are closed by the 
depression, through the action of sjrecial muscles, of the bran- 
chial arches, and by the pushing forward of the cerato-hyals hy 
muscles which pass from these bones to the inner side of either 
branch of the mandible, not far from its tip.f The water, 
then — being pnint up in the gill-chamber, and all return to the 

* Were it not for these teeth the fish would be speedily choked bj 
various substances (roing “the wrong way” into the gill-chamber. The 
Mullet, which takes in a quantity of sand and mud with its food, and works 
it about b«‘twecn its pharyngeal bones, has a number of extremely delicsw 
fringes attached to the concavity of its branchial arches. 

t The reciprocal action of these muscles — the homologues, according to 
Cuvier, of the yeniuhyoidvi in ourselves — is extremely interesting. Mien 
the cerato-hyals are the fixed points from which they act, they depress the 
mandible; when, however, this latter bone becomes the fulcrum, they pull 
forward the hyoid apparatus, through the medium of the cerato-hyals. 
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znouth being cut off — is forcibly driven out backwards, again 
bo join the waters of river or sea, by the speedy folding up of 
tbe branchiostegal membrane, and by the shutting of the 
opercular doors upon sills formed behind them by the bones 
which carry the pectoral fins. 

In the operation of “ drowning ” a hooked fish, which is 
familiar to every angler, the opercula of the fish which is being 
towed down stream must be either pressed forcibly against the 
sides of the head or be forced widely aside, the result of 
which is to embarrass, and, ultimately, put an end to, respira- 
tion ; in the first case, by the hindrance to the proper dis- 
tension of the branchial chambers, and the consequent absence 
of a vacuum — if such an expression can be used — which shall 
be filled by the water taken in at the mouth, not to mention 
the want of room for the play of the gills; in the second 
instance, by the retention of the water, now useless for breath- 
ing purposes, in the gill-chambers, since the doors which ought 
to force and shut it out can no longer do their work. 

The size of the outlets of the branchial chambers seems to 
l)ear an inverse ratio to the length of time during which a fish 
is able to breathe when taken out of the water ; for in those 
fishes, such as the mackerel and herring, which die very soon 
after removal from the water, these openings are relatively 
large ; while in the eel tribe, which not only can exist for some 
time after being landed nolens volens, but sometimes make “ on 
their own hook ” considerable overland excursions, tlie outlet 
from the gill-chaml)er “is a small vertical fissure, situated at 
some distance behind the gills ; the branchial cavity is there- 
fore proportionately elongated, and the escape of fluid from it 
is consequently impeded.” 

The Anabas {Perea scanclens), which, on the authority of a 
Danish lieutenant,* is yet believed by many to make somewhat 
purposeless expeditions up the trunks of palm-trees, can, un- 
doubtedly, whether it climb or not, exist for a long time out of 
water. Dr. Hamilton writes thus of this fish : “ Of all that I 
know, the cobojius is the fish most tenacious of life in the air ; 
and I have known boatmen to keep them for five or six days in 
an earthen pot without water, and daily to use what they 
wanted, finding the fish as lively and fresh as when caught. In fact 
the Calcutta market is chiefly supplied from extensive marshes in 
the Yasor district, and about 150 miles distant. From thence 
boat-loads are brought, kept alive without water until sold.”f 

This fish, together with certain others, e.g. the “ Crourami ” 
{Osphrornenus olfax) of the Isle-de-France, has, as Cuvier has 

• Daldorff. (See Tram. Linn. Soc., vol. iii. p. 02.) 

t Fiihes of the Gange$, vol. i. p. 09. 
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well represented,* its epi- and pharyngo-branchiale enormously 
developed and thrown into complex folds, covered with mem- 
brane, which seiv'e to retain a sufficient amount of moisture. 

Sir J. Emerson Tennent describes a remarkable habit which 
some of the Ceylon fishes have of burying themselves in the 
earth, in the dry season, at the bottom of the exhausted ponds, 
there to await the renewal of the water at the change of the 
monsoon — an expedient to which the crocodile also is said to 
resort.t He also states that in those parts of Ceylon where 
the country is flat and small tanks are numerous, the natives 
are accustomed in the hot season to dig in the mud for fish. 

The Cuchia {Amphipnows) and the Singio {Saccobranchu^) 
both fishes of eastern climes, and both extremely tenacious 
of life, also present curious modifications of the branchial 
apparatus, which cannot here be noticed in detail. 

Having considered somewhat at length, on Aristotle’s 
principle of proceeding diro r&v yvttpifioiv, the first and more 
general method of water-supply to the gills, not much space is 
left for description of the two remaining processes. 

0. The respiratory currents enter the mouth and are ex- 
pelled by five orifices on each side.X 

The great bulk of the so-called cartilaginous fishes, namely, the 
sharks and rays,§ aflford an instance of this mode of breathing. 

The branchial arches in these fishes, more or less cartilaginous 
in substance, are not hung, so to speak, from below the base of 
the skull, as are those (Fig. 3) of bony fishes, but are attached 
(see Fig. 10) to the sides of the front vertebne of the trunk. 
No branchiostegal or opercular apparatus is functionally present ; 
but from the branchial arches (seen in section in Fig. 9) proceed 
long partitions, or septa, on either side of which are attached 
the gill-plates, I! and which form the walls of chambers, or sacs, 

• Hill. yat. de Hnitoni, tome vii. pi. 205. The land-cnbs, which are 
actually drotcned if kept in water, have their gills moistened by the watery 
contents or secretion of a spongy organ situated in the gill-ch'amber. 

“ The gills of fishes,” as Professor Marshall well observes, “ are not ciliated 
on their surface ; but it is necessary that they should continue moist, or the 
usual respiratory interchanges between the blood and the air dissolved in 
the water would soon cease. Respiration will, however, go on for a short 
time in the air, provided that the gills remain moist.” 

t Ceylon, vol. i. p. 218. In the same volume is given a very interesting 
account of the writings of various ancient authors, e.g. Aristotle and Theo- 
phrastus, on the subject of the Migration of Fishes over Land. 

t The fishes in which this form of respiration occurs were formerly termed 
“ pisces branchiis fixis.” 

§ Division PUiyioitomi of the order Elatmohranchii (!\aayn, a thin piste, 
and fipdyxo', gills). 

0 For the rationale of the arrangement of the gills see the explanation of 
Fig. 11. 
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each of which communicates by fissures both with the gullet 
and with the water without. With two exceptions, the names 
of which — Hexanchua and Heptanchua — are sufficiently ex- 
planatory, there are five gill-sacs present, the hinder of which 
contains only a single gill, attached (see Fig. 9) to its front wall. 

The water taken in for respiratory purposes is, in default of 
a branchiostegal and opercular machinery, directed and made 
to move on by muscles and elastic structures which act more 
or less directly upon the gill-chambers and their fissures of 
entrance and exit. 

Is it not possible — this is merely thrown out as a suggestion 
— that this peculiar mechanism for breathing, so different in 
action from, though but a modification in structure of, that in 
bony fishes, may, apart from all considerations of embryology 
or of correlation of growth, bear some relation to that peculiar 
habit the fishes in which it occurs have of turning on their 
backs when they take their prey — a proceeding necessitated by 
the position of the mouth on the ventral surface of the body ? 

Sharks, in their foetal state, have temporary external gills, con- 
sisting of numerous elongated filaments, which project from the 
branchial apertures, immediately in front of the pectoral fins.* 

7 . The respiratory currenta paaa both in and out of the 
external branchial apertures. 

The breathing apparatus of the Lampreys and certain marine 
fishes whose very name is sufficiently repulsive, the Glutinous 
Hags,t comes under this category. In these fishes the gills 
consist of closed sacs {b r, b r. Fig. 11) — not answering, however 
(see explanation of Fig. 11 ), to the gill-chambers of sharks 
and rays — thrown into folds in their interior. These, in the 
Hag, have tubular connections on either side with a duct which 
opens upon the belly of the fish. Betwixt the openings of the 
two ducts lies a third pore, which communicates with the 
gullet, which, in its turn, has a separate tubular communication 
(see Fig. 11) with each gill-sac. The water, then, through the 
middle orifice passes into the gullet, traverses the gill-chambers, 
and finds its way out by the two ducts. The sacs, however, 
have each a small duct which opens by a distinct orifice in the 
skin in the species of Hag called from this circumstance Hep- 
tatrema (see Fig. 11), while in the lampreys, besides possessing 



• See Preparation No. 1001, Royal College of Surgeons, 
t The Hags, like a certain section of the human community which lives 
upon those of its fellow-mortals who are “ in difficulties,” bore into the 
bodies of other fish, entering the mouths of their victims when they are 
struggling on the hook of the fisherman. 

The Lampreys and Hags, once called, from the formation of their mouths, 
Cydotiomi, are now included under the term Martipobranchii (jt&paiwoc, a 
pouch, and ^pay^iu, gills). 
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a similar set of seven “stigmata” on either side, they com- 
municate internally with a median canal, which ends blindly 
behind, but runs forward beneath, and totally distinct from 
the gullet, to communicate with the pharynx through the 
medium of a valve-guarded opening. 

The alxive curious modifications of the breathing apptaratus 
have an evident relation to the pre-occupied state, so to speak, 
of the mouth in the fishes under consideration ; that of the 
Hag Ix'ing commonly buried in the flesh of its “ host,” while 
that of the l.junprey, if not similarly engaged with prey, serves, 
suckerwise, to anchor its waving owner to some stone or other 
support.* 

delicate cartilaginous trellis-work — the parts of which, 
according to Mr. .Mivart, are not homologous with the branchial 
arches of l»ny fishes — surrounds the branchial apertures in the 
l.amprey, and, moreover, in some degree encases and protects 
the heart .t 

The leading varieties of all bomi-fide fishes having been passed 
in review, only two somewhat aberrant forms, which occupy 
positions on the boundary line of the class, or, one is almost 
tempted to say, the topmost and lowest rungs respectively of 
the fish-ladder, claim, in conclusion, some slight notice. To 
l)egin with the lowest form, viz., the I.iancelet {Aviphioxus). 

This little fish, which seems to l>e the very roughest sketch 
of a vertebrate animal, with a brainless nerve-system, blood- 
vessels which lack a heart, and a backbone devoid of vertebras 
respires in this wise : w.ater is taken in at a mouth surroimded 
wit h fringes, and, after passing, gently urged along by cilia, 
through windows — l>etween the panes of which are pulsatile 
vessels — perforated in the pharynx, into a cavity answering to 
a branchial cavity, finds its exit by an orifice pierced through 
the ventral surface of the fish. 

The mechanism of respiration here seems almost identical 
with that in animals a little lower than the Mollusca, namely, 
the Ascidia, or “ sea-squirts” (see Popuhir Science Jievie^c, 
July, 1869), creatures which, according to recent researches, 
seem, in early stages of development, to make somewhat startling 
approaches to animals once thought to be separated from them 
by an impassable gulf and by well-defined barriers. 

• It is stated in one of the Hunterian catalogues (P/iy»io/oyy, voLii. 1029) 
in the Hoyal College of .Surgeons, that if a Lamprey, when sticking to the 
side of a vessel, “ be held with one series of apertures out of the water, the 
respiratory currents are seen to enter by the submerged orifices, and, after 
traversing the corresponding sacs and the phaiynx, to pass through the op- 
posite bninchia and to be forcibly ejected therefrom by the exposed orifices.” 

t l‘rcparation .'M, Royal College of Surgeons. 
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The higher of the two aberrant forms, namely, the Mud- 
fishes of Africa and South America, which once occupied a yet 
more exalted place among the Amphibia, have the choice of two 
methods of respiration, in that they possess a p>air of rudi- 
mentary lungs, in addition to their branchial apparatus.* 
These functional lungs, which are, undoubtedly, a modified 
bilobed air-bladder, have a cellular structure, “ the cells having 
the same proportional size and form as in the respiratory part 
of the lung of a serpent,” receive through a pulmonary artery, 
derived from two of the aortic arches wliich have no gill- 
strncture developed upon them, impure blood, and return it 
purified through pulmonary veins, and communicate with the 
gullet l)y a glottis-like apertiue (see Fig. 12), guarded by a 
cartilage. 

“ The peculiar modification of the gills,” observes Professor 
Owen, “and air-bladder of the I^pidosiren, are precisely those 
which adapt them to the peculiar conditions of their existence.f 
In the inactive state into which they are thrown by their false 
position as terrestrial animals, the circulation, which would 
have been liable to be stopped had all the branchial arteries 
developed gills, as in normal fishes, is carried on through the 
two persistent primitive vascular channels. When the lepi- 
dosiren resumes its true position as a fish, the branchial circu- 
lation is vigorously resumed, a large pro]x>rtion of arterialised 
blood enters the aorta, and both the nervous and muscular 
systems receive the additional stimulus and support requisite 
for the maintenance of their energetic action.” 

Does not such a form, togetlier with those Amphibia which, 
though possessing perfect lungs, yet retain gills, seem in some 
measure to bridge over the gulf between the Fish and the 
higher Vertebrata, the highest even of which retains in ripe 
years a souvenir, so to speak, of a condition structurally more 
fish-like, in the shape of a persistent — gill-less, it is true 
— branchial cleft 

* For this reason the mud fishes are classed together under the term 
Dipnoi. 

t This fish is accustomed, during the dr}' seasons, to bury itself in the 
indurated mud of the river-banks, and to remain in a state of torpor until 
the return of the rains. 

t Pseudo-bmnehia, opercular and spiracular gills have not been noticed 
in detail, since, though interesting from a homological point of view, they 
do not play an important part in the respirator}' function. 

For fuller details of the varieties of the air-bladder in fishes the reader is 
referred to an article by the Rev. W. Houghton in the Popular Science Re- 
view for October, 1808, and to Fischer’s Vermch iiber die Schwimmblase der 
Fieche (Leipzig, 1795). 

Mr. Herbert Spencer, in the second volume (pp. ;521 et tcq.) of his Princi- 
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DESCRIPTION OF PLATE LXXVI/ 



Fio. 1. View of under Rurface of the head and of the fore part of the 
body of a Trout (Saimo Fario), from a sketch taken by the 
author from a freahly>cauf(ht specimen. All the parts hare 
been left in their natural relations to one another, save that the 
gill-covers (o p) have been drawn aside in order better to display 
the brunchiostegal rays (6 t) and the first pair of gills (i r). 
m n Mandible, or lower jaw. 

m X This is not the eye, as might at first be supposed, bat 
the lower part of the maxilla, or upper jaw. 

h The median portion of the hyoid arch, upon which the 
carriers of the branchioetegal rays abut on either side. 

V F. Ventral fins. 

Fio. 2. Branchial arches of Perch (Perea fluviatilu), seen from above ; after 
Cuvier (Hittoire KaturMe dee Poittoru, tome i. pi. iii. Fig. 7). 

Only the left halves of the arches, with the median elemenu 
(“Copulse.” “ Verbindungstiicke ”) of the hyoid apparatus are 
represented. Each half arch is seen to be made up of four 
factors, which are, from below upwards, as follows : — 
n b Hyobranchial. 
c b CeratobranchiaL 
e b Epibranchial. 

;) b I’haryngobranchiaL 

The three first, with the exception of the hyobranchial element 
of the rudimentary fifth arch, all carry gill-plates on their 
convex edges, while the edges which look inwards towards the 
gullet bear two rows of tooth -like projections. 

The pharvngeal factor on either side of the first arch is slender 
and style-shaped, while those of the three succeeding arches are 
broadened out, and carry on their lower surfaces very fine teeth 
(“dents en velours”). A similar armature may be seen on the 
upper surface of the only representative of the fifth arch — the 
inferior pharyngeal bone (i p) of either side. 

In this figure, which is somewhat diagrammatic, the two 
upper elements, namely, the epi- and pharyngo-branchials of 
each arch, have been spread out in the same plane with the 
lower factors of their respective arches. Naturally, they make 
with the said factors a kind of curved right or obtuse angle, a 
relation which is better seen in the next figure. 

The point at which the “cerato-hyal" (see Fig. 4) of this side 
joins the median chain of bones is indicated by the sign *. 

Fio. 3 is taken from a Hunterian specimen (No. 50) in the Museum of the 



ple$ of Biology, puts forth a most ingenious theory of the origin of this structure; 
any dissentient from which can turn to the second chapter of Mr. St. Geo^ 
Mivart's Genesis of Species, which deals with “ the incompetency of ‘ Natuial 
Selection ’ to account for the incipient stages of useful structures.” 
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Royal College of Surgeons. It is a semi-diagrsmmatic render- 
ing of the branchial arches and their relations to the roof and 
floor of the mouth in the Pike (JSW Zucitu) as they are seen 
through the widely-opened jaws of the fiah. 

In the endeavour to make plain as much as possible which 
lies in a confined space, some violence has been done to per- 
spective. Nevertheless, the drawing is fundamentally correct In 
order that the figure may not be more obscure than it is feared 
it may possibly be already, the gill-plates and inwardly-directed 
fringes of teeth have been omitted. 

6 Tube of the gullet. 

t Rudimentary tongue. 

p I Parasphenoid bone. 

The rest of the letters have the same signification as those in 
the preceding figure. . 

The dotted parts of the diagram indicate those regions of the 
threshold of the gullet which carry a rasp-like armature of 
small teeth. 

Fie. 4. Taken from part of the right side of the specimen — a dried and 
varnished head of a Pike — on which the preceding diagram is 
based. The operculum and branchiostegal rays and membrane 
are here fairly shown. 

0 Operculum. 

» o Suboperculum. 

p 0 Preoperculum. 

to Interoperculum. 

c h Ceratohyal, which joins anteriorly the median, tongue- 
bearing basibyal. 

e h Epihyal, which is joined on behind to the slender stylohyal, 
which, in its turn, articulates with the hyo-mandibular bone : 
all which relations are concealed by the overlapping operculum. 

The cerato- and epi-hyals are each seen to cany seven 
branchiostegal rays (6 «), the former on its inner, the latter on 
its outer side. 

m Lower part of mandible. A fiexible membrane, better 
seen in Fig. 1, fills up the gap between it and the upper edge of 
the cerato- and epi-hyals. 

FI6. 6. After Cuvier Nat. des Poutotu, tome i. pi. viii. fig. G), repre- 
sents a transverse section of the gill-bearing elements uf a 
branchial arch of a Perch, together with its attached gill-plate 
(“feuillet,” Cuv., or “ branchial lamina ”), which is seen to be 
made up of two leaflets. 

b r Bone of the arch in section. 

h a Branchial artery in section. It may be observed to divide 
into two branches, one for each gill-plate, each of which courses 
along the inner edge of a leaflet, giving off in its course nume- 
rous slender twigs. The purified blood is returned to the 
branchial vein — which is seen in section at b v — by two trunks 
which run each along the outer edges of the two leaflets which 
are the components of a gill-plate, having been first collected in 
small vessels which meet the arte^ twigs on the mutual teiri- 
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tory of the CApUl&ry ajstem. The carrier of the purer blood 
ia aeen to occupy a deeper and, premimablT, a safer positioii thu 
does its fellow, at the Attorn of the proore which is channelled 
out along the convex edge of its bony support. 

The arrows indicate the course of the blood. 

Fio. 0. Head of a species of Pipe-fish {Syn^niUhta Aiqttoreui) from a pre- 
paration (^o. 1041) in the Museum of the Hoyai College of 
Surgeons. 

The operculum on the right ride has been removed, in order to 
display the gills, which are “composed of a double series of tufa 
on each of the four arches.” 

b a Bulbus arteriosus — the root, so to speak, of the trunk 
which gives oflf an arterial branch for the gills of either side. 

Fio. 7. Head of another specimen of the Pipe-fish (^SymjnaVtu* Sp :t) cap- 
tured by the author in an oyster-dredge off Seaview, Isle of 
Wight 

o p Operculum, left side. Above and behind it is seen the 
small outlet (*), just large enough to admit a bristle, for the 
water which has bathed the gill-tufts. 

Fio. B. The pharynx of the same specimen opened out in order to show the 
five fissures on either side which admit water to the tufted 
gills. 

Fio. 0. Much reduced from a sketch of a preparation (No. 1060) in the 
Museum of the Royal College of Surgeons, of the head of the 
Gray Shark (Galeut commioiu). The right half of the head, 
through which a vertical longitudinal section has been made, is 
preserved in the preparation. In the pharynx live openings are 
seen, which, guarded by tooth-like projection.^, not bony as in 
osseous fishes, but more or lees cartilaginous, allow of the inBax 
of water, which, after bathing the gills paired in their chambers, 
finds exit by five fissures at the side of the head. 

(B oesophagus, or gullet. 

t p opening leading to the canal which terminates externally 
at the so-called spiracle ” (Spritzloch ").* 

The arrows indicate the direction of the water swallowed for 
respiration. 

Fio. 10 is a diagram (Schema) after Oegenbaur {Grundtupe der Ver- 
pUdchi'tifliii Aiiatomie, 2nd edit. fig. 210) of the cartilaginous skull 
and “ visceral ” skeleton of one of the Sclaehti, e.g. Sharks and 
Rays. 

o orbit, for lodgment of the eye. 

I. II. First and second visceral arches, the former of which 
forms the boundary of the mouth, while the latter (“ hyoid ") 
carries the tongue. 

III. — vill. Branchial arche.s, comprising the rest of the visceral 
skeleton. 



• The remnant of the first “ visceral cleft,” which in the bony fishes be- 
comes closed up, but in ourselves is partly persistent as the external canal of 
the ear, and the Eustachian tube. I*’ 
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In Heptanchtu there are nine or ten visceral arches. 

Fio. 11. Taken from a preparation (No. 1018) in the Museum of the Royal 
College of Surgeons, represents two of the six gill-sacs on one 
side of the Myxine or “ Glutinous Hag” {Heptatrema cirratum). 

These sacs,* brbr, the upper of which is represented in profile, 
are seen internally to communicate with the oesophagus (<e), each 
by a short tube. Externally, they are brought into relation, by 
similar means, with one of the two longitudinal canals (not shown 
in the figure) which discharge the de-oxygenated water by two 
pores opening on the ventral surface of the body. The lowest 
arrows show the direction of the water used for respiration, 
which is admitted not at the mouth, ns in other fishes, but at a 
small opening placed betwixt the two pores which allow of its 
exit. Each sac is further seen to be supplied with a branch 
from the branchial artery (a) of its side. 

Fio. 12 is a view, from above, of the respiratory apparatus of the African 
Mud-fish, I^pidosiren (Proioptfnu) Annectent, reduced from a 
figure in Professor Owen’s paper on the anatomy of this fish. 
(See Tratui. Ltnn. Sac. vol. xviii. tab. 2fi, fig. 1). 

The pharynx has been slit up in the middle line, and its sides 
spread out on either side. 

The five branchial fissures are indicated by numbers. 

t Tongue. 

ff Aperture, or glottis, pierced in the rudimentary thyroid carti- 
lage (< h) leading to the short “ ductus pneumaticus,” or trachea 
(dp), which, in turn, communicates with two lung-like sacs. 

t> is a valve which, though it is not stated to do so by Professor 
Owen, may act, to judge from the figure, as an epiglottis, i.e. 
prevent food, &c., from falling into the glottis. 
l^AU figuret founded by the author on ipeciinens in the Muteum of the Royal 
College of Surgeons were draxon by the kind permission of Professor 
Floicer, P.R.S.] 



* “ The leading condition,” says Profes.sor Owen, “ of the gills in other 
fishes may be understood by supposing each compressed sac of a Myxine to 
bo split through its plane, and each half to be glued by its outer smooth side 
to an intermediate septum, which would then support the opposite halves of 
two distinct sacs, and expo.se their vascular mucous surface to view. If the 
septum be attached by its entire margin, the condition of the plagiostomous 
gill is efl'ected. If the .septum be liberated at the outer part of its circum- 
ference, and the vascular surfaces an; produced into pectinated lamelligerous 
processes, tufts, or filaments, proceeding from the free arch, the gill of an 
ordinary osseous or teleostomous fish is formed. Such a gill is the homo- 
logue, not of a single gill-sac, but of the contiguous halves of two distinct 
gill-sacs, in the .Myxines. .lUready, in the I-ampreys, the first stage of this 
bi-partition may bo seeu, and the next stage in the Sharks and Rays.” 

This throws much light upon the somewhat puzzling variations of the 
branchial arteries in fishes. See also Oegenbaur, op. cit. p. 809; and the 
Introduction of Professor RoUeston’s Forms of Animal Life. 



Digitized by Goc^le 




356 



MR. CROOKES’ NEW PSYCHIC FORCE. 

JBt J. P. EARWAKEB, Mbbtoh Collxob, Oitobb. 



“QEEING is believing” is an old and much-quoted adage 
O which is by many people so firmly believed in, that with 
them it quite partakes of the nature of a truism. To suggest 
for one moment the possibility of their being either partially 
or entirely mistaken, is to call in question their veracity, their 
powers of observation, and, in fact, their whole moral integrity, 
and is usually met, not by convincing arguments, but by in- 
dignant reiteration. To question the accuracy of their state- 
ments is considered in the light of a personal insult, and for 
anyone to cross-examine their narrations, however strange 
these may appear, is to them \mbearable. But just as it is the 
firmest of all legal maxims, that no story can by any possi- 
bility be true which cannot stand the test of cross-examination, 
so it should be the test of all narrations, especially those of an 
extraordinary character, that they in their turn should stand 
the most rigid and searching cross-examination to which they 
can possibly be subjected. 

Few ordinary readers of newspapers can have failed to notice 
how the first published accounts of any special or marked 
crime are so plausible, and apparently so convincing, that each 
reader feels there can be no doubt at all as to the guilt of the 
person accused. They have no means of knowing how far the 
plausible statements they read bring certain facts into undue 
prominence, and cast others equally important, but antago- 
nistic, into the shade ; but notwithstanding all this, they con- 
stitute themselves arbitrary judges on the first evidence that 
is thrust into their hands. When, however, the case is legally 
tried, and by cross-examination the evidence is thoroughly 
sifted, how different the case looks, what an innocent person 
the unfortunate accused is, what miseries he must have suf- 
fered, what imbeciles the police are, and so on, ad infinitum. 
The human mind is the same all the world over, at all times 
and in all ages— grossly credulous, most easily convinced, 
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quick to imagine, and equally quick to decide ; and yet, when 
all its boasted judgment and foresight are proved utterly 
wrong, it is by no means taught by experience. At the next 
opportunity men commit the same errors of judgment, and 
again Experience would teach them ; but all to no purpose ; 
they cannot and will not be taught by her. 

The history of popular delusions is one of the most instruc- 
tive, and at the same time the most saddening of all historical 
narratives. The weakness of the so much lauded and boasted 
human understanding, the firm belief that men have placed, 
and apparently ever will place, in the mere statements of their 
fellow-men, the gross and almost unimaginable credulity they 
are constantly exhibiting, all these make up a picture as sad- 
dening as it is true. See how long and how widely the univer- 
sal belief in astrology, magic, and witchcraft prevailed, and 
when these beliefs had to give way at the first dawn of true 
science, it was only to make place for new ones, until, in recent 
times, almost every ten years has seen a new imposture arise, 
has seen it in its full glory, and has witnessed its sudden 
overthrow. To mention but the titles of many of these would, 
to most of our readers, be but a string of mere names ; but if 
we confine ourselves to the last fifty years only, what a rush of 
them there is — animal magnetism, the odic force, electro- 
biology, mesmerism, table-rapping, table-turning, spiritualism, 
&c. &c. The more apparently scientific the name, the more it 
was considered likely to take a hold on the pubhc. But just 
as medical men find such great diflSculty in convincing the 
great mass of mankind that thousands and thousands of lives 
are annually lost by a belief in quack medicines and quack 
doctors, so too now it has become most difiBcult for scientific 
men to make the outside world believe that the grossest impo- 
sitions and the most outrageous impostures are constantly 
being palmed off upon them. Few people have any true 
idea how outrageous many of these pseudo- scientific delusions 
really are, and how they, like parasitic fungi, grow at the 
expense of those who support them. 

The history of spiritualism illustrates this well. As far as 
we can remember, it first dawned upon the world from the 
other side of the Atlantic, under the shape of table-rapping 
and table-turning. An ordinary innocent table was stated to 
be capable of answering any questions put to it, and also of 
capering about and raising itself in the air, under the influence 
of some one or more persons whose innocent hands were placed 
lightly upon it. To account for the first series of these phe- 
nomena, some ingenious person called to his aid the spirits of 
departed persons ; the ever-credulous world jumped at this 
theory, and its originators and followers, having thus stmck a 
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virgin field, proceeded from bad to worse. “ Spirits ” became 
far too general a term ; special spirits were asked for, and im- 
mediately presented themselves, those of well-known and for- 
merly distinguished persons, as might have been expected, 
being particularly obbging ; then this in return became 
wearisome, and these renowned spirits took to music ^ a 
relaxation, and the seances were never complete without most 
melodioas and soul-inspiring “ spirit-music.” From music the 
step to poetry is not far, and spiritual poetry (such lovely 
verse and sentiment I) became quite the rage. Then these 
spirits, ever so considerate and attentive to poor mundane 
humanity, endued their hands with a corporeal reality, and let 
their most ardent believers both see and feel them, and more- 
over, as photography became a science, they so far condescended 
as to allow themselves to be photographed, and “ spirit-photo- 
graphs ” arose, had their day, and disappeared. And so it went 
on, till, finally, the latest of all spiritual manifestations is, that 
these obedient spirits come in crowds at the mere bidding of a 
great medium, they tumble chairs and tables about, they play 
on accordions, they tickle people with their corporeal hands, 
they scribble on pieces of paper, they carry the medium 
through the air, and, finally — the greatest achievement of all 
— they make converts of two Fellows of the Royal Society!! 
The climax of absurdity is here surely reached. Can even 
spiritualism and human credulity go further ? is there no limit 
to either ? Are we destined to see the revered letters F.R-S- 
lowered to mean nothing more than “ Follower of Rampagious 
Spiritualism,” or are we to believe that spiritualism, with all 
its tomfoolery, its absurdity, and its outrageous defiance of 
both common sense and common decency, really does contain 
some modicum of true science, and that there is 

More in heaven than is dreamt of in our philosophy P 

Are we to believe that the trained intellects of Mr. Crookes, 
F.R.S., and Dr. Huggins, F.R.S., aided by the refreshing inno- 
cence of Mr. Home, have discovered a new and subtle force in 
nature, which, under the mystic title of “ Psychic Force,” is 
not only to revolutionize Nature herself, but to undo all the 
past and accepted teachings of science? For this “psychic 
force ” is no child’s play, it is a force of so powerful a character 
that no laws of science can stand before it, it falsifies every 
law in Physics and Biology, it creates force, it despises 
gravity, it can create music, and bid an accordion play when 
no one is touching it, and yet it is so obedient that it does 
all this, and much more than this, at the bidding of one man! 
And who is this great, this most powerful of human beings, a 
man who, apparently at will, can directly create force, can 
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annihilate gravity, and can cause “ sad and plaintive ” music 
at his bidding ? And the answer comes to us, one Mr. Daniel 
Douglas Home. As we bow before him, in reverent submis- 
sion to a superior being, memories crowd upon us ; surely we 
have heard of him before. No man of true genius in this en- 
lightened country can keep his light long imder a bushel, and 
a man of his transcendent power could not possibly do so. Is 
it not he whose mighty works made the readers of the “ Corn- 
hill Magazine ” in 1860, tremble as they read ? is it not he who 
in that memorable essay, “ Stranger than Fiction,” was the 
medium at whose bidding tables and chairs became imbued 
with a strange superabundance of animal spirits — when accor- 
dions played in distant comers, and then, for mere variety, 
floated in the air, and there played such marvellous melodies 
that they rang in the ears of those who heard them — was it 
not Mr. Home who floated about the darkened room, and 
made his mark upon the ceiling, and performed other marvels 
still more strange — surely, there cannot be two men in a life- 
time endowed with such miraculous and mystic powers ? Is 
it not the same Mr. Home, who since that time has been 
the pet of society, the great medium, the associate of crowned 
heads, and the persecuted victim of the law, who now at last 
has performed experiments which have caused two Fellows of 
the Royal Society to burst upon an astonished world with 
this terrible, this new, this revolutionary “ Psychic Force ” ? 

Such is the subtle power of this mighty and powerful man 
that at his bidding two gentlemen, men distinguished for their 
scientific attainments, both Fellows of the Royal Society, have 
surrendered their usually calm and sound judgments, and have 
themselves home testimony that even practis^ men of science 
may be victims to that most false of all beliefs, that “ seeing w 
believing.” Surely one would have thought that men who are 
conversant, or should lie conversant, with all the intricate 
details of many physical phenomena, of the trickery which can 
be so easily produced by electrical and optical arrangements — 
trickery so hard and so difficult for the unscientific mind to 
understand — that such men would be the last to make ship- 
wreck of their reputations on the result of such experiments as 
they have done. Surely they of all men should know or ought 
to know that in such experiments the eyes are the most 
deceptive organs possible, and yet these are the very men who 
come forward and in the pages of the last number of the 
“ Quarterly Journal of Science ” show that they have allowed 
their judgments to be deceived as well as their eyes. 

When Mr. Crookes, soon after he imdertook the editorship 
of the “ Quarterly Journal of Science,” published an article 
(now a year ago) announcing his intention of testing spiritualism 
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by scientiBc methods and scientific research, he had the 
sympathies of the majority of scientific men with him, and it , 
was hoped that soon we should have the fallacies of this last j 
and grossest form of impostiu’e exposed and annihilated. It to 
fondly imagined that, just as the spiritualistic humbug of the 
Davenport Brothers was shown to be but clever conjuring, « 
the audacity of the claims of spiritualism would receive a well- 
directed and crushing blow at the hands of Mr. Crookes. 
Great is, therefore, the disappointment of the scientific world to 
find, after all the blowing of trumpets which heralded these 
investigations, that now Mr. Crookes and his .coadjutor, Di. 
Huggius, have allowed themselves to be convinced by the 
results of two experiments only, performed one evening in the 
house of the former gentleman. And such experiments I We 
almost blush as we read them, to think that scientific accuracy 
is so degenerate now-a-days in England that any persons, much 
less men of science, could, by any stretching of a most nvid 
imagination, venture to call them scientific. For in truth they 
are the very opposite of scientific. Even to call them un- 
scientific is not strong enough ; clumsy and futile are much 
nearer the truth. Imagine men of science deliberately investi- 
gating the music-producing powers of an accordion in a wire 
caffe plowed under a dininff-roovi table ! Imagine also when 
they confessedly had suspicion of Mr. Home’s honesty, and one 
of them watched him dressing to see that he concealed no 
apparatus about his person, that they placed the accordion in 
his hands before placing it in the cage under the table I But 
properly to understand the futile character of these so much 
vaunted experiments it is only necessary to take the experi- 
ments in detail and criticise them. 

In the first place, then, there are only two experiments 
described — a number grossly insufficient to cause any reliance to 
be placed on their results. Errors of observation, errors in the 
mechanical arrangement of the apparatus are sure to arise, 
and it is only by repeating such experiments that these errors 
can be detected and allowed for. Who could have imagined 
any scientific men describing a “ new force ” on the results of 
but two crucial experiments, however many trial experiments, 
of which we arc told nothing, may have preceded them? 
And then the “crucial experiments” themselves — what are 
they ? For the first experiment the following was the appa- 
ratus prepared : — “ A cage was formed of two wooden hoops, re- 
spectively one foot ten inches and two feet in diameter, connected 
together by twelve narrow laths, each one foot ten inches long, so 
as to form a dnun-shaped frame, open at the top and bottom. 
Round this fifty yards of insulated copper wire were wound in 
twenty-four rounds, each being rather less than an inch from 
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its neighbour. These horizontal strands of wire were then 
netted together firmly with string, so as to form meshes rather 
less than two inches long by one inch high.” Then, after all 
this care and trouble in preparation, this ingenious cage was 
not placed openly in the room, nor in any conspicuous place, 
but, to such a low level is scientific accuracy now reduced^that 
it was actually placed under the diningroom table. No reason 
for this strangest of all strange positions is even hinted at, and 
can anyone cognisant of the meaning of true scientific research 
believe that he is reading of the experiments of scientific men, 
and those men Fellows of the Royal Society ? 

But to proceed. The apparatus being arranged, Mr. Home 
entered the room (one, by the way, which he is thoroughly 
acquainted with, as he had been present before “ on several 
occasions”), his toilet having been watched by Mr. Crookes, 
who, strange to say, seems to have believed him capable of 
“ secreting machinery, apparatus, or contrivances about his 
person.” We are not aware that even the most famotis 
conjurors conceal apparatus about their person of such great 
size that anyone casually sitting in their bedroom whilst they 
are dressing could not fail to detect it — but then we must live 
and learn 1 Mr. Home then sat down at the side of the table, 
with the cage between his legs, and taking the new accordion 
(specially purchased for this occasion) in his left hand between 
the thumb and middle finger, at the opposite end to the keys ; 
the bass key having been opened, it was placed in the cage 
with the keys downwards, and the cage was then pushed under 
the table as far as Mr. Home’s arm would permit, so that his 
hand was visible. Then the performances — we beg pardon — 
the “ scientific and crucial investigations ” began. As a 
scientific preliminary we are kindly told that the temperatime 
of the room — a most necessary fact obviously to know — “ varied 
from 68° to 70° Fahr.” ! “ The accordion was soon seen 

waving about in a somewhat curious manner, then sounds 
came from it, and finally several notes were played in suc- 
cession,” and whilst this was going on Mr. Crookes’ assistant 
most obligingly looked under the table, and reported Mr. 
Home’s hand “ quite still,” his right hand resting on the table. 
From this promising beginning we are quite prepared to be 
told that “ presently the accordion was seen oscillating and 
going round and round the cage and playing at the same 
time,” and it was now Dr. Huggins’ turn to look under the 
table, and again Mr. Home’s hand was “ quite still, whilst the 
accordion was moving about and emitting distinct sounds.” 
Were we dealing with really scientific experiments and not 
such as we are describing, we would ask how it was possible for 
Mr. Home’s hand to hold this moving accordion and yet be 
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“ quite still,” but as we are dealing with this peculiar “ Psychic 
Force ” we refrain and pass on. 

The accordion then proceeded to greater lengths, and, after 
some preliminary note soimding, played a “ simple air,” and 
later on played chords and runs, and afterwards a well-known, 
sweet, and plaintive melody, which it executed perfectly, in a 
very beautiful manner ” I and during this performance, it being 
now Mr. Crookes’ turn, he felt Mr. Home’s arm and hand, and 
again, of course, “ he was not moving a muscle.” Mr. Crookes 
seems to have had a lurking suspicion that the gifted Mr. 
Home was capable of playing the accordion with his boots, for 
he states that during these performances he had Mr. Home’s 
feet held, no doubt by his obliging assistant. Mr. Crookes 
again was apparently so impressed by the cares of mounting 
guard over Mr. Home’s person, and so enthralled by the abun- 
dant music the accordion poured forth, that it never occurred 
to him to notice whether the keys were depressed or not ; and 
yet, to most people gifted with a little common sense, it would 
be obvious that if the keys were not pressed down, it was im- 
possible for the music really to have come from the accordion, 
and its true source must have been looked for elsewhere. One 
who risks liis scientific reputation on such carelessly performed 
experiments as these will, we can readily credit, believe any- 
thing ; and so we are not surprised to read that “ Mr. Home 
actually let go tlie accordion, and removed his hand quite out 
of the cage, and placed it in the hand of the person next him, 
the instrument then continuing to play whilst no one was 
touching it ! And this even is surj)assed by the next para- 
graph, the meaning of the first words of which, we are bound 
to confess, has completely baffled us. “ The accordion was now 
again taken, without any visible touch, from Mr. Home’s hand, 
whicli he removed from it entirely ; I and two of the others 
present not only seeing his released hand, but the accordion 
also floating about ivith no visible support inside the cage 
and this “ was repeated a second time after a short interval.” 
(The italics are our own.) Now, what are we to understand by 
the words “the accordion was now again taken”? Taken by 
whom ? — by what ? The whole paragraph is the most wonder- 
ful one it has ever been our lot to read, especially when we con- 
sider it is written by a “scientific investigator.” The one 
redeeming feature about it is, that at last we have reached the 
limits of Dr. Huggins’ credulity ; he writes to say that he did 
not see the accordion freely suspended in air, and at the same 
time he continues, “ I express no opinion as to the cause of the 
phenomena which took place.” We hope he will pardon us for 
saying so, but it would have been better for his scientific repu- 
tation had he made use of this same caution at the beginning, 
and not at the end, of these pseudo-scientific experiments. 
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Throughout the whole of these experiments we are left in 
the most glorious imcertainty as to time: we have not the 
faintest idea given us how long the experiments lasted, how 
long the accordion was playing its music, how long it contra- 
vened the laws of gravity, and floated about in the air of a cage 
placed imder a dining-room table. The greatest obscurity is 
thrown over and yet we are gravely told this is a “ scien- 
tific and crucial experiment ” ! Supposing now for the mo- 
ment (and this is pure supposition only), that Mr. Home were 
capable of trickery, and that Mr. Crookes and Dr. Huggins 
were capable of being deceived ; and suppose that a thin wire 
or thread was hooked on to each end of the accordion, and 
that a concealed and prepared musical box or other instrument 
was played, what is there in these experiments unaccounted for? * 
But we immediately banisli these base suppositions from our 
mind, for we are recalled to a sense of our errors by remem- 
bering that we are writing as if trickery and deception were 
possible in the presence of two Fellows of the Royal Society, 
gravely engaged in “ a scientific investigation of a new force.” 

Probably by this time our readers have had enough of expe- 
riment No. 1 ; let us now turn to experiment No. 2, which is 
of an entirely difierent kind, and one designed, as we are 
informed, to test Mr. Home’s powers of causing “ alteration in 
the weight of bodies,” a power which Mr. Crookes states is 

most striking, and most easily tested with scientific accuracy.” 
With him here we most cordially agree, so long as the proper 
apparatus is used ; but not under the conditions which Sir. 
Crookes considered sufficient. The apparatus which he em- 
ployed was as follows : — “ It consisted of a mahogany board 
36 in. long by 9^ in. wide and 1 in. thick. At each end a strip 
of mahogany l^in. wide was screwed on, forming feet. One 
end of the board rested on a firm table, whilst the other end 
was supported by a spring balance hanging from a substantial 
tripod stand. The balance was fitted with a self-registering 
index, in such a manner that it would record the maximum 
weight indicated by the pointer. The apparatus was adjusted 
so that the mahogany board was horizontal, its foot resting flat 
on the support ; and in this position its weight was 3 lbs., as 
marked by the pointer of the balance.” On Mr. Home placing 
his fingers lightly on the extreme end of this board, the pointer 
of the balance descended, and after a few seconds it rose again, 
and this movement was repeated several times, “ as if by suc- 
cessive waves of the Psychic Force ” I At the end of these 
experiments, the pointer had marked a maximum fall of 6 lbs. 

* We would note that it is always an accordum that ia played at these 
liancei, never a concertina or any other instrument. 
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Mr. Home exerted his pressure at a distance not more than 
1 finches from the extreme end; and since the wooden foot 
was 1 i inches wide and rested flat upon the table, Mr. Crookes 
shows, and shows rightly, that no amount of pressure within 
that space could produce any action on the balance. The 
whole value of this experiment turns upon one fact, the utter 
immovability of the table itself ; and, as we might have anti- 
cipated, this is the one precaution not attended to. The 
slightest examination of the apparatus will show that if the 
table moved in any so slight a degree, the index of the balance 
must descend, and successive movements of the table would 
produce exactly the same effect as “ the successive waves of the 
Psychic Force.” We leave it to our readers to imagine which 
would be the easiest way to account for the results produced, 
and especially when they recollect how the mere touch of Mr. 
Home’s hand caused so much motion in the accordion, and 
then think how the table might have to suffer in the same 
manner. 

Mr. Crookes takes credit to himself for having given “ a 
plain unvarnished account” of his experiments, and we have but 
faithfully quoted him. It is a true maxim, “ The greater the 
pretensions, the greater the failure,” and a more lamentable ex- 
hibition of misdirected energies it has never been our lot to read 
of. But, worst of all, by far the most damaging fact throughout 
is to pviblish it to the world that these are samples of scientijic 
experiments. Tliese — in which every minute detail, and all 
obvious precautions, are neglected, where caution should be the 
rule and is the exception — where the greatest possible care 
should have been shown, but where all is most careless and 
most untrustworthy — are such experiments to be called scien- 
tific, Ijecause, forsooth, an F.R.S. is the investigator ? 

And then, again, the conclusion of this remarkable account, 
the maudlin complaints that real men of science had neglected 
this question, had refused to entertain it, and would not consent 
to act on committees to investigate it — what is all this but the 
repetition of what we have so often heard and always know to 
be untrue. Mr. Crookes was solicited to repeat his experi- 
ments, or any one of them, at the last meeting of the British 
Association at Edinburgh, and Professor Stokes even went so 
far as to propose the appointment of a committee of Section 
A ; but as usual, of course, nothing came of it — the subject 
was wisely dropped. Some experiments, like some stories, won’t 
bear too much investigation. What was the result of the St. 
Petersburg committee of six scientific men appointed to inves- 
tigate Mr. Home’s spiritualistic pretensions ? To Mr. Crookes 
the explanation of the failure, he says, “ appears quite simple,” 
“Mr. Home’s power is very variable and at times entirely 
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absent ; ” “ when the Russian experiment was tried it was at a 
minimum,” and so on. The real facts of the case will, we think, 
form a fitting commentary on the experiments we have been 
criticising, and will also show how far Mr. Crookes is entitled 
to be considered an impartial scientific investigator. We quote 
from the “ Russian Ac^emical Gazette.” “ A glass table was 
employed, on which stood a lamp with a reflector, so that the 
ground underneath the table was brilliantly ilhiminated and 
the slightest movements made by Mr. Home could be observed. 
When the stance had begrm, Mr. Home announced that he 
began to feel the presence of spirits, and that these were mani- 
festing themselves by the fluctuations of the flame of a taper 
standing on the table. To this it was replied that these fluc- 
tuations were produced not by spirits but by the ventilator ; in 
fact, when this was shut, the fluctuations ceased. He then said 
the quick throbbing of his pulse showed the presence of spirits, 
but one of the committee proved that this was only due to ex- 
citement and fatigue, since his pulse beat as fast as Mr. Home’s. 
After these two failures the medium gave up the experiment 
with the table and proposed to alter the weight of some object. 
A common bucket was then placed on a weighing machine. 
The company waited long and in vain ; no change of weight 
occurred. When, finally, the stance broke up, and nothing 
whatever had been accomplished, Mr. Home promised to repeat 
the experiment ; but next day he gave out that he was indis- 
posed and therefore unable to keep his engagement.” Surely it 
required no F.R.S. to tell us that on this occasion Mr. Home’s 
power was at a minimum ; most candid readers would confess he 
had none at all. 

And now, finally, a word in conclusion. Until Mr. Home and 
his friends and allies Mr. Crookes and Dr. Huggins and “ the 
well-known seijeant-at-law,” Serjeant Cox, whose scientific 
aspirations have led him to play the part of the Chorus in a 
Greek play — until these gentlemen will submit their mystic 
forces, whether spiritual or “psychic,” to a most searching and 
public scientific examination, they cannot hope to meet with 
any credit, either for honesty of belief or for scientific ac- 
ciu-acy. Truth ever is and ever should be above suspicion ; it 
may lie at the bottom of a well, but we are sadly mistaken if 
it does at the bottom of a wire-work cage. And when we say 
that we much prefer everything above-board, we certainly make 
no exception when that board is a dining-room table. 
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THE MOSS WOELD. 

By R. BRATTHWAITE, M.D., F.L.S. 
[PLATE LXXVn.] 



“Muscub in pariotos literens, eontemptim a mnltis adspicitur, at iis, qui ad a- 
amen structure ot virium dcscendunt, infinite admirationis occasionon 
pnebet.” — H einzius. 



M ost active students of British Botany arrive at a period 
when having mastered the flowering plants and ferns, they 
look round for some new field for investigation, in doubt which to 
“ take up ” of the four great groups of cellular plants still re- 
maining, the Mosses, Lichens, Algse or F ungi ; each a world within 
itself, and offering material sufficient to occupy the longest life. 
Be it our task on the present occasion to say a few words on 
the first of these, and thus haply open out a new store of en- 
joyment to some who, hitherto, have not directed attention to 
them. 

By the ancients, as by the unlearned of the present day, 
mosses were but little regarded, few species were distinguished, 
and with them were confoimded various lichens and algae. Now, 
however, that the microscope is in such general use, there can 
be little difficulty in referring any cryptogamous plants to their 
proper class, and none has its characters better defined than 
that of mosses. The first publication which brought them 
specially into notice was the “Historica Muscorum” of 
Dillenius, published at Oxford in 1741, in which the species 
are carefully figured, with enlarged outlines of the leaves; 
then came (1778-94) the various works of John Hedwig, in 
which were made known the whole process of their reproduc- 
tion and their anatomy, and thus Bryology was established on 
a sound basis ; followng him came Bridel, Schwaegrichen, 
Hooker, and a host of other writers down to C. Muller, Wilson, 
Schimper, Lindberg, and iMitten of our own time, by whose 
publications the study has gradually been perfected. 

The moss world, however, includes among its citizens forms 
so diverse in habit and structure, that three great groups are 
at once recognisable. 

1. Brtin.*, the frondose or true mosses, embracing probably 



Digitized by Google 



THE MOSS WORLD. 



367 



10,000 species, of which about 550 enter into the British 
Flora. These have spores free from spiral threads, which 
produce on germination a branched confervoid prothallium, 
the leaves undivided, consisting of uniform cells, the branches 
dichotomous or pinnate, the capsule opening usually by a lid 
and enclosing a spore sac. 

2. SPHAGNiNiE, the Bogmosses, a limited group, having spores 
without spiral threads, which produce on germination a 
lichenoid prothallium, the leaves composed of two kinds of 
cells, the larger perforated and containing spiral fibres, the 
branches in lateral bundles of three to ten, the capsule sessile 
on a lateral naked branch. 

3. Hepaticin.®, the Liverworts, have spores with which are 
mixed elaters or spiral threads, producing a lichenoid pro- 
thallium, leaves nerveless, often lobed and furnished with 
stipules, or absent, and the whole plant resembling the thallus 
of a lichen ; capsule without operculum splitting into four 
separate pieces, or sometimes two-valved, or clustered on a 
receptacle and opening by teeth. 

We shall on the present occasion confine our attention solely 
to the frondose mosses, and pass in review the various organs 
revealed to us by the microscope. They have been called 
flowerless plants, but incorrectly, for we shall see that the re- 
productive organs though minute are very distinct, and their 
function is unmistakable ; they are natives of every clime, and 
from sea-shore to the limit of perpetual snow are everywhere 
distributed, preferring, however, mountainous and woodland 
districts, because there is moisture most abundant ; and for this 
reason also we find them most luxuriant in winter and spring, 
thus compensating for the absence of the more highly organised 
plants, which no sooner cover the surface of the earth than our 
little mosses are no longer noticed. 

The denizens of the moss world are never found leading a 
solitary existence, but are either gregarious or more commonly 
densely aggregated into tufts or mats, which may contain 
hundreds of individuals ; their size also is very variable, some 
species of Ephemerum not exceeding ■j'j inch in height, while 
Polytrichum commune and some Hypnoid mosses attain a foot. 
We will take as our type the cosmopolitan Funaria hygro- 
metnea, never absent from the ballast of our railway-banks, 
brick-fields, and heaths ; and having carried home a tuft, let us 
expand it in water and detach a single plant. 

Vegetative System. 

First, we observe our Funaria has roots like all other mosses, 
and these probably not so much required for absorption as in 
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higher plants, but rather as a means of iudng the plants to the 
substratum on which they grow, for we find them on rocks and 
trunks of trees, where their chief support must be derived from 
the atmosphere ; in very many species they occur not only at 
the base but also along the whole stem ; sometimes these ad- 
ventitious radicles are so dense that they mat the plants to- 
gether into a spongy mass, and thus effectually retain a supply 
of moisture ; the microscope shows us that each radicular fibril 
consists of a single series of cells, the transverse partitions of 
which are oblique. Then we see a short stem bearing leaves, 
with whicli also all mosses are supplied, and in this instance the 
fruit-stalk is a continuation of the stem-axis or is acrocarpic, 
any continued growth being by innovations or lateral rep>etition3 
of the stem ; but in many mosses the fruit is lateral or pleuro- 
carpic, and lateral branches are produced through a succession 
of years. 

The leaves are attached horizontally, and are always sessile 
and persistent, their true arrangement being spiral ; in Fissidens 
distichous or in two opposite rows (^) i.e. one spiral turn con- 
taining two leaves, in some tristichous (*) two spiral tiuiis 
cutting through three leaves, and often five or eight rowed ( f ^). 

If we now tear off a few leaves from our Funaria, and place 
them in water between two slides and transfer to the microscope, 
we may learn a great deal about moss structure. First, as to 
the form of the leaf ; this we observe is ovale, with the apex 
pointed, and the ovate or lanceolate form is the most common 
among the leaves of mosses, though we find every degree of ex- 
pansion between orbicular and awl-shaped. Traversing the 
centre from biise to apex is a midrib or nerve, composed of 
several layers of narrow cells ; this in some species is altogether 
absent, in very many it vanishes about the middle or two-thirds 
the length of the leaf, while in others it is excurrent or extends 
beyond the leaf in a point, or it may be prolonged into a bristle 
or hair, and these by their number give the tufts of plants a 
woolly or hoary aspect. The margin is entire, but in many 
species it is variously toothed or serrated, and sometimes it has 
a thickened border. The lamina, or expanded plane of the 
leaf, is we observe composed of cells, by which a network is 
produced termed the areolation, and so constant are the indi- 
vidual cells in form and size, that a careful study of them is of 
the utmost importance in the identification of species, and in- 
deed our only moans of determining them when in a barren 
state. 

In Funaria we find the surface is quite smooth, hut in many 
species it is covered with papill® ; in none perhaps are these 
more evident than in the leaf of Thuidium tamariadnum. 
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which thus resembles a rasp. In form the cells exhibit much 
variation, but they are referable to two types, 

1. Parenchtmatous when the ends are flattened, and we get 
a quadrate or hexagonal areolation as in Funaria ; and some- 
times the cell walls are so thickened by internal deposit that 
their cavities appear like dots, as we see in Grimmia, Ortho- 
trichum, Andresea, etc. 

2. Prosencittmatous when the transverse walls of the cells 
are oblique, so that the cells have pointed ends, as in Bryum, 
Hypnum, &c. 

According to the quantity and tint of the chlorophyl con- 
tained in the cells will be the shade of colour of the plants ; 
this is usually more or less green, hut in Andreaea it is choco- 
late-brown or black, and some mosses are not unfrequently 
tinged with rosy purple or brown. The cells forming the leaf 
base are often of a different form from the upper cells, and when 
the leaves are closely imbricated they are thinner and usually 
empty ; but those situated at the outer angles are sometimes 
very different from the rest, and then these alar cells become 
of value in the distinction of species and even of genera, as in 
Dicranum, for instance. 

Reproddctive System. 

If we hunt up Funaria in December we shall find that 
instead of the long-stalked capsules the plants bear little 
rosettes of leaves, which are truly the flowers, and contain in 
their centre those reproductive organs, which even more clearly 
than stamens and pistils are necessary for the formation of fruit. 
The little starry heads at the end of the yoimg lateral shoots 
are the male flowers, and by dissecting away the enveloping 
perigonial leaves in water we arrive at a cluster of fine- 
jointed threads or paraphyses, among which are little sausage- 
shaped bodies, the antheridia, which at maturity give out a 
fluid containing excessively minute spiral threads, the sperma- 
tozoids ; and it is to preserve the vitality of these that para- 
physes are present, so as to keep up a certain amount of mois- 
ture ; for the paraphyses are wanting in the closed hud-like 
flowers of Hypnum. If we look among the leaves terminating 
the stem we shall find similar female flowers also containing 
paraphyses, and longer and more slender bodies, archegonia, 
which are traversed by a fine channel, and open at maturity by 
a trumpet-shaped orifice, into which the spermatozoids pass, 
and reaching the germ cell in the base of the archegonium, 
this becomes fertilized and at once begins to develop into 
fruit. 

In some mosses these two kinds of organs exist in one flower. 
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in others, as Fimaria, the flowers are separate but on one plant, 
while in others they are on separate individuals ; these three 
modifications constitute the synoicous, monoicous, and dioicous 
inflorescence. 

As the germinative cell enlarges it pushes its way downward 
into the receptacle, and then increasing in diameter ruptures 
the membranous envelope of the archegonium, which is carried 
up on the rising fruit-stalk and becomes the calyptra, while an 
extension of the receptacle sheathes its base and is termed the 
vaginula. When the fruit-stalk has attained its full length 
its apex begins to enlarge and rapidly becomes moulded into 
the ftiture fruit ; if, when this is fully formed but still green, 
we make a vertical section of it, we see that the centre is occu- 
pied by a longitudinal bundle, the columella, between which 
and the capsule wall lies the sporangium or spore sac. The 
inner wall of the spore sac is usually adherent to the columella, 
and its outer to the inner wall of the capsule, but both may be 
free as in Polytrichum, or the sporangium may be suspended 
from the capsule wall by threads as we see in Fimaria, in 
which also the columella is very thick, and occupies a large 
portion of the cavity of the sporangium. 



The Fbuit. 

The mature capsule or theca of mosses is at once the most 
striking and elegant part in these little plants, and never fails 
to excite the admiration of all who deign to notice them ; the 
most elegant forms, adorned with the richest colours, are seen 
in the various groups, and these are still further enriched by 
the marvellous beauty often seen in the peristomes. 

The thin membranous calyptra, often slit at the side by the 
distension of the fruit, is first thrown oflf, and we see the perfect 
capsule, furnished in most cases with an operculum or hd 
closing its mouth. The surface of the capsule is smooth and 
frequently furnished with stomata, well seen in the green fruit 
of Funaria ; the cells composing the outer wall are of firm tex- 
ture, and in Orthotricum and others in which striae occur, 
these are formed of different shaped cells. In Splachnacese the 
neck of the capsule is swollen out into what is termed an apo- 
physis. The forms of the capsule are infinitely varied, but 
spherical, ovate, pyriform and cylindric, are of most frequent 
occurrence. 

The operculum also presents various forms ; in Funaria it is 
only a little convex, in many it is conical or obliquely rostrate, 
and its figure is very constant in individual species. Very 
frequently there is interposed between the mouth of the cap- 
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Bule and the lid an elastic ring, the annulus, and in none is it 
more evident than in Funaria hygrometrica, where its rich 
purple colour contrasts remarkably with the parts adjoining. 
The cells of which it consists are vesicular, and form several 
series ; these contract in drying and are suddenly dilated when 
moistened, and thus the separation of the operculum is greatly 
facilitated. The lid having fallen, there is now brought into 
view in most mosses a beautiful fringe of teeth called the 
peristome, which originates from the' inner wall of the capsule, 
and is most remarkable for the definite number of its consti- 
tuent parts, 4, 8, 16, 32 or 64 ; frequently also an inner peri- 
stome is present, continued from the outer membrane of the 
spore sac. 

If we take the most perfect form of teeth, as seen in Mnium, 
Hypnum, or Funaria, we find that each consists of two rows of 
firm coloured cells, separated in the middle by a divisural line, 
and also articulated with each other transversely ; on the inner 
face there is only one row of cells, and these frequently project 
at the margin beyond the outer layer, and also form transverse 
lamellm at their jimction ; their texture is also quite different 
from those of the outside layer, for they are pale and vesicular, 
and on them the hygroscopic property of the peristome depends. 
When moistened these internal cells expand, and thus shorten 
the teeth and draw them inward into a cone, their usual posi- 
tion in the dry state being radiating round the mouth of the 
capsule or reflexed against its outer wall. 

Numerous modifications of the teeth occur, which render the 
peristome of interest as a microscopic object, the inner layer of 
cells being frequently abortive, the teeth become rigid, and 
sometimes quite rudimentary, and not unfrequcntly they dis- 
appear altogether, the capsule being then termed gymno- 
stomous. In Funaria the teeth are curiously gyrate, and also 
attached to an unusual appendage in the form of a little perfo- 
rated central disc, to which the points curve down, so that the 
part not inaptly resembles the inverted bottom of a wine- 
bottle; in Tortilla they are twisted together spirally, and 
sometimes united at base into a tubiform membrane ; in Dicra- 
num and Fissidens they are cleft along the divisional line, and 
in Grimmia apocarpa perforated or cribrose. Two other forms 
of peristome, however, are met with, in which the structure of 
the teeth is essentially different. In Georgia and Tetrodon- 
tium the four teeth consist of numerous confluent cells, and 
in PolytrichacesB the nmnerous teeth are composed of slender 
filaments agglutinated together into tongue-shaped processes, 
which adhere to the tympanum or expanded apex of the colu- 
mella ; in the Australian genus Dawsonia the filaments are 
free, and project from the capsule like a brush. These three 
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modifications of the peristome are advantageously employed 
by Mr. Mitten for divisions of the order. 

The inner peristome is quite different from the outer, and 
consists of a thin membrane arising from the outer wall of the 
spore sac, and divided into processes which stand opposite the 
interspaces of the outer teeth ; in its most perfect form these 
processes are sixteen in number, each two cells wide at base, 
projecting outwardly along the middle line as a keel, or perfo- 
rated and cohering only by the transverse articulations of the 
cells ; between each pair of processes are three very fine cilia 
each one cell wide, so that the whole circuit of the inner 
peristome takes up eighty cells. 

This fully-developed, internal peristome is well seen in the 
genus Mnium, and in Plagiothecium undulatum, Hypnum 
riparium, commutatum, &c. ; but in many mosses with a 
double peristome the cilia are abortive, and the processes also 
become quite rudimentary. The columella is a continuation 
of the central part of the pedicel, extending to the operculum, 
with which it often comes away ; it is commonly imited to the 
wall of the spore sac, but is wanting in Archidium and Ephem- 
erum ; in the Polytrichaceae its summit is dilated into a 
membrane like a drum-head, which closes the mouth of the 
capsule. 

Tlie spores are globose or kidney-shaped, smooth on the 
surface or rough with papilla?, and in colour yellow, red, or 
ochrcous ; in Archidium very large and few in number, but in 
the majority of mosses they are extremely minute. 

Propagation. 

Having thus briefly glanced at the various organs found in 
mosses, we may notice the mode by which their growth and 
continuance is provided for. 

The spore does not (like the seed of a flowering plant) pro- 
duce an individual like its parent, but on rupturing its outer 
coat, the primordial utricle is protruded as a proembryo, and 
commences a process of cell division, resulting in a confervoid 
filament, wliich gives off lateral branches and branchlets, form- 
ing the delicate green film we may often notice on damp earth, 
h'rom various cells of this prothallium young plants are deve- 
loped, fine radicles push downward, and true leaves are formed 
characteristic of the sf>ecies, numerous plants thus resulting 
from a single spore ; and when this rising generation is able to 
take care of itself, the prothallium disappears, except in a few 
annual species constituting the genus Ephemerum, where it 
continues throughout the life of the plant. Many mosses, 
however, are met with which do not produce fruit, yet the 
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continuation of their existence is singularly cared for. In 
Aulacomnium and other mosses we constantly find in place of 
fruit a pseudopodium or naked stalk bearing at the summit a 
globose head of gemmae, and in Orthotrichum Lyellii and 
other species the leaves produce on the surface jointed fila- 
ments, and both these appendages on falling oflf develope 
prothallium, from which new plants originate. The same 
takes place with tubercles which develope on roots, and thus 
we may strip the rocks of their tenants Grimmia, Rhaco- 
mitrium, Tortula, &c. ; yet a few years sufiBce to restore 
them from the adhering radicles left behind ; and again 
the caducous ramuli of Campylopus and Leucobryum become 
new plants, while even a single deciduous leaf of Funaria 
hygrometrica has been seen to produce prothallium from its 
basal cells, by which the establishment of a new colony is 
secured. 



Classification. 

The arrangement of mosses is confessedly a subject of great 
difficulty, and one that has occupied the thoughtful attention 
of all Bryological writers. Up to a recent date the peristome 
alone was used as the chief character by which to establish 
genera, and thus species were thrown together which agreed in 
nothing but the number and form of the teeth in this organ ; 
it may be interesting, however, to give an outline of the prin- 
cipal systems that have been proposed. 

1. Hedwig published the first of these in his “Fundamenta 
Muscorum,” 1782, with 25 genera arranged in 3 divisions. 
(1) Without a peristome {Phascum). (2) With a naked peri- 
stome [Sphagyium, Hedwigia, Gymnostomum). (3) With a 
fully-formed peristome, sub-divuded into : a. Peristome single 
(11 genera), b. Peristome double (10 genera). 

2. Bridel, in the “Bryologia Universe,” 1826, greatly in- 
creased the number of genera, arranged as follows : — 

Sec. 1. Capsule operculate. 

Class 1. Fruit without a vaginula on a pseudopodium 
{Archidium, Sphagnum). Class 2. Fruit acrocarpous. 
Cla.'is 3. Fruit pleurocarpous. Class 4. P'ruit radical. 
Class 5. Fruit axillary. Class 6. Fruit imder an ac- 
cessory leaf. 

Sec. 2. Capsule cleft (Andreaea). 

3. The next important alteration in system was that adopted 
by C. Muller, in his “Synopsis Muscorum,” 1849, in which the 
minute structure of the leaf takes a prominent part in the 
characters of tribes and genera, and many gymnostomous species 

VOL. X. — NO. XLI. c c 



Digitized by Google 




374 



POPPLAB SCIENCE BETTEW. 



are made congeneric with others having a peristome, but with 
which they otherwise agree in habit and leaf-structure ; 
Gymnostomum is abolished, and its species distributed under 
Weisia and Pottia ; his principal divisions are : 

Class 1. Schistocarpi (Andreaea). 

Class 2. Cleistocarpi (the old genus Phascum). 

Class 3. Stegocarpi. 

Sub-class 1. Acrocarpi. 

Sec. 1. Distichophylla. 

Sec. 2. Polystichophylla. 

Sec. a. I^eaves not papillose. 

Sec. h. Leaves papillose. 

Sub-class 2. Pleurocarpi. 

4. This was still further elaborated by Professor Schimper, 
in his valuable “Bryologia Europaea and Synopsis Muse. 
Europ.,” I860, by the formation of additional tribes and 
families and very many genera, some indeed on characters 
which do not appear to be sufficiently important. 

5. Mr. Mitten, in his descriptions of Indian and South 
American Mosses in the “Journal of the Linnean Society,” 
proposed a new system, which, notwithstanding its great merit, 
does not seem to have met with general acceptance, probably 
because there still lingered a strong bias in favour of Hedwig 
and his successors. He places all mosses under two sections : 
Homodictyi, having leaf cells of uniform structure, and Hetero- 
dictyi, having leaf cells of two forms and including only the 
8phagnace£E. The Homodictyi again have two divisions l^his- 
tocarpi and Stegocarpi, and the latter comprises three groups 
according to the structure of the peristomial teeth already de- 
scribed. The families also are reduced and thus brought more 
in accordance with the natural orders of flowering plants; while 
the leaf structure receives its due importance the peristome is 
regarded as subordinate, every degree of its development being 
foimd in a single genus, and sometimes in a single species. 
Believing these views to be strictly in accordance with facts 
derived from a careful study of the plants themselves, and 
therefore true to nature, I feel bound to adopt it, though I 
have ventured to deviate a little from the arrangement, believ- 
ing that the retention of the acrocarpous and pleurocarpoua 
sections is certainly convenient. 
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■ TABLE OF THE FAMILIES OP MOSSES. 

Sabclaaa.—SPEAGNINJS. 

Fam. 1 SFEASHACB.S. 

Subclass . — BB TIN^. 

Order 1.— SCHISTOCARPI. 

Fam. 2. — A»deb.*ace.b. 

Order 2.— STEGOCARPI. 

Di\"ision 1. — Elaamodontes. 

Fam. 3. — 0 £OBOUCe.e. 

Division 2. — Nematodontea. 

Fam. 4 . — Bcibaumiacejb. 

„ 6. — P0LTTRICHACE.E. 

Division 3. — Arthrodontea. 

Subdivision 1. — Acrocarpici. 

Fam. 6 .— Dicrakack® Fam. 13 .— Fusariacex 

„ 7.— Leucobryace^ „ 14.— Bryace^ 

„ 8.— Trichostomaceje „ 15.— MruACE.® 

* » — CAlYMPERACEiE „ 16 . — BaBTRAIHACE^ 

» 10- — Qrtmmiace.® ,, 17. — Schistosteoacej: 

If 11. — OBTR0TRICILACE.S 18. — FI88IDENTACE.E. 

„ 12 — Splachkaceje 

Subdivision 2. — Pleurocarpici. 

•Fam. 19 .— Hypopteryoiace.® Fam. 23 .— Neckeracej: 

• „ 20.— Rhacopilace^ • „ 24.— Eropodiace^ 

« 21. — IIooKERiACE.® „ 25 . — Leskeacej: 

„ 22.— FoNTISALACEii „ 26 .— IIypnace.®. 

It will be seen that the Cleistocarpi or closed-fruited mosses 
are omitted, for the only point in common which they possessed 
was the absence of a separable operculum, yet Schimper, in his 
“Synopsis,” keeps up for them three families and eleven 
genera; a twelfth genus, Systegium, comprising Phascum 
crispum and multicapsulare which have a distinct lid though 
it does not come off, he removes to the stegocarpous section, 
and to the vicinity of Weisia, from which indeed it is insepar- 
able in any natural arrangement. The most lowly organised 
are the species of Ephemerum, the babies of the moss world, so 

* Not European, 
c c 2 
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minute as to be scarcely distinguishable, and so little self- 
dependant, that they never dispense with their supporting pro- 
thallium during the whole period of their existence, and the 
microscope will at once show their affinity to Funaria in the 
lax parenchymatous areolation and inflated calyptra. Again, 
Archidium and Pleuridium are equally approximated to 
Dicranella, while Phascum itself for which we retain the com- 
mon P. acaulon Lin. as the type is equally close to Pottia 
among the Trichostomaceae. 

Habitats. 

Few localities are to be found where some moss or other U 
not to be met with. Even in our largest towns, a few yards of 
open ground, if neglected for a time, become covered with a 
crop of mosses originating from spores wafted on every breeie. 
Bryum argenteum and Ceratodon purpureus occupy the paths, 
though probably they do not bear fruit, and Tortula muralis 
takes possession of the bricks and their interstices ou the garden 
walls. 

If we extend our walks to the commons around, we find 
the list of species considerably augmented, and old sandstone 
walls bear in addition Grimmia pulvinata, with several Tortula 
and Brya. A few mosses are littoral or affect the sea-coast, 
especially several species of Pottia, with Trichostomum cris- 
pulum, brachydontium and littorale, Tortula nitida and cunei- 
folia. 

Again, the chemical nature of the soil or rock materially 
influences the character of its inhabitants ; some are almost 
confined to chalk, as Seligeria calcarea and paucifolia, Funaria 
calcarea, several Tortulae, Weisia tortilis, Thuidium delica- 
tulum and histricosum, &c. ; while clay-fields support the 
various species of Phascum and Ephemerum. Sandstone has 
Campylostelium, Brachyodus, Tetrodontium, &c. ; and granite, 
slate, or basalt each supports some peculiar species : to the 
first of these especially are the Andreaeas attached. Bogs are 
rich in certain species, especially of Mniace®, with Hypmun 
cuspidatum, cordifolium, giganteum, fluitans, nitens, &c. 
Trees are occupied by various species of Orthotrichum, Zygo- 
don, Cryphsea, and Leucodon — some preferring the smooth- 
barked willows, others the rougher oak and elder ; and, again, 
some confine themselves to the parts near the ground — as 
Weisia truncicola, Leskea pulvinata and polycarpa, Anomodon 
viticulosus, &c. As we ascend the mountains, we soon find we 
have reached the head-quarters of the mosses — the numerous 
streams and waterfalls, and the frequent mists that saturate 
the atmosphere with moisture, keep them growing continually. 
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and frequently impress a marked feature on the landscape, for 
species of Polytrichum and Rhacomitrium frequently cover 
extensive areas, to the exclusion of all other forms. Again, 
certain species — and some of these, too, among the most 
elegant — flourish luxuriantly in these elevated regions, which 
we should look for in vain at a lower level, as Splachnaceae 
Conostomum, various species of Grimmia and Andreaea, 
Hypnum Halleri, callichroum, reflexum, &c. ; thus everywhere 
covering the bare places of the earth with a verdant carpet 
ere yet Spring dare put forth her flowers — clasping in their 
tender arms the crumbling stone, and smoothing the scarred 
face and furrowed cheek of the time-worn tower, or clothing 
the decaying trees with a mantle of green of varied shades, 
transforming each into a garden where the observing eye may 
delight to trace a miniature resemblance to the pine-woods, 
aloes, yuccas, and sedums among higher plants. 

Uses. 

The old writers delighted to attribute many uses to mosses, 
yet, except among the most primitive races, few of them 
minister directly to the wants of man ; the Sphagnums alone 
form the first origin of peat, which is still largely consumed 
for fuel. Linnaeus tells us that Polytrichum commune was 
used by the Laplanders for beds, and highly praises it for not 
harbouring insects or any infectious disease ; and this plant is 
still used in the dales of the north of England for the manu- 
facture of small brooms ; Splachnum Wormskioldii also forms 
the wick for the simple lamp of the Eskimos. 

Yet although their services in human economy are so small, 
in that of Nature how great is their end ! The bear lines his 
winter quarters with a thick bed of Polytrichum ; the squirrel 
and dormouse, and whole tribes of birds, use Hypnums as 
material for their nests ; and if we shake a tuft of moss over 
paper, we shall find that it harbours a population we little 
dreamed of — elegant little mollusca feeding among the 
branches, with tiny beetles and podurae and curious acari 
hiding at the roots. 

Again, mosses have been termed the pioneers of vegetation, 
for, being able to establish themselves where little else can 
maintain a footing, they penetrate with their slender radicles 
the smallest crevices, and slowly disintegrate the substratum on 
which they grow, constantly arresting by their interwoven 
tufts the dust-grains wafted on every breeze, and ever decaying 
below, ever extending above, they are slowly but surely accu- 
mulating material capable of supporting a higher order of 
vegetation. 
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Their rital functions, too, must not be overlooked, for their 
myriad cells are for ever condensing the moisture of the 
atmosphere and adding their tribute to every mountain rill, 
which, borne onward to the ocean, is again returned to them 
in the mists and snow-wreaths that are their constant at- 
tendants. 

In winter and early spring they contribute much to the 
verdant covering of the earth, and to the supply of oxygen 
afterwards given out by the leaves of higher plant*. I have 
mentioned the vast number of species that people our moss 
world, all unsurpassed in beauty of structiue by any other 
group ; and these are but a fragment of the Creator’s handi- 
work, unnoticed and uncared for by the ordinary passer-by; 
yet, though yielding neither sustenance for the hungry nor 
medicine for the sick, there are times when their study will 
supply l)oth food and physic to the mind. 



EXPLANATION OF PLATE LXX\’n. 

а. Funaria bygrometrica, nat. size. 

1. Spores. 

2. Prothallium and young plants. 

3. Male flower. 

4. Antheridia and paraphyses. 

б. Antheridium discharging spermatozoids, with one of the latter very 

highly magnified. 

G. Fertilised archegonium. 

7. Young fruit with vaginula. 

8. Calyptra. 

0. Perfect fruit before the fall of the lid. 

10. One of the stomata from neck of same. 

11. Portion of the annulus. 

12. Longitudinal section through the fully-formed green fruit, showing 

the small sporangium, nearly filled by the columella. 

13. Peristome. 

14. A single tooth of outer and of inner peristome, with the central 

cribrose disc. 

15. A leaf, with the cells constituting its areolation. 
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THEORY OF A NERVOUS ETHER. 
Br DR. RICHARDSON, F.R.S. 



I N my course of experimental lectures on medical science 
delivered during the last winter session, I broached a modi- 
fication of the old and well-nigh obsolete theory of the exist- 
ence of a nervous fluid ; and I have since reduced to some form, 
in a published lecture, the ideas I wished to set forth.* It has 
been curious to me to observe the diflerent lights in which this 
effort has been viewed by men of diflerent phases of thought 
and knowledge. Some physicists have accepted that the theory 
suggests the existence of an intermediate agency between the 
matter of living bodies and the forces by which the matter is 
moved — an agency essential to the correct understanding of the 
relations coexisting between the living matter and force. 
Others have thought the theory obscure and retrogressive, a 
kind of retreat into the bosom of Van Helmont, and of those 
fanciful heroes of Lord Lytton, who, still professing Helmontism 
as an article of scientific, and I had almost said moral faith, 
proclaim life to be “ a gas.” Lastly, certain enthusiastic writers, 
and, as they call themselves, experimenters, have actually laid 
hold of the theory to support modem spiritualism, and its idola 
of the theatre. 

To commence with the last of these critics, I need scarcely 
say, in relation to them, that there is nothing in my mind 
bearing in the remotest degree on their arguments. 1 speak 
only of a veritable material agent, refined, it may be, to the 
world at large, but actual and substantial: an agent having 
quality of weight and of volume; an agent susceptible of 
chemical combination, and thereby of change of physical state 
and condition ; an agent passive in its action, moved always, 
that is to say, by influences apart from itself, obeying other 
influences ; an agent possessing no initiative power, no vis, or 
energia natures, but still playing a most important, if not a 

• Medical Timet and Oaxette, May C, 1871. 
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primary part in the production of the phenomena resulting 
from the action of the energia upon visible matter. 

In respect to those who imagine that the theory of the 
existence of a nervous etlier tends to materialise the phenomena 
of life and of living action, the answer is simple. The theory 
treats of an assumed material part of the living organism, and 
has no reference whatever to that more distant or spiritual 
essence of our nature of which, as yet, no more is known, 
physically, than of the energia Jiaturce itself. We must all 
accept that the impulses of men and animals, the volitions, 
the sympathies, the passions, are manifested by and through 
the material organism, the matter as a mechanism obeying the 
force that moves it. The tongue of man that spaaks, the hand 
that gives, takes, strikes, aids, begs ; the feet that make pro- 
gression, and all parts that act, act positively as mechanisms 
of material character. How they act, in obedience to the 
impulses that move them, becomes, consequently, a distinct 
question that may be studied apart from the impulses them- 
selves, and in the theory this is implied. The impulses, I 
mean, are considered as initial and independent motions, the 
origin of which forms no part whatever of the theory of a ner- 
vous ether. 

Of the first order of critics, they alone appreciate the mean- 
ing I would attach to the theory of a nervous or animal ether. 
The idea attempted to be conveyed by the theory is that between 
the molecules of the matter, solid or fluid, of which the nervous 
organisms and indeed of which all the organic parts of the body 
are composed, there exists a refined subtle medium, vapiorous 
or gaseous, which holds the molecides in a condition for motion 
upon each other, and for arrangement and rearrangement of 
form ; a medium by and through which all motion is conveyed ; 
by and through which the one organ or part of the hody is held 
in communion with the other parts and by and through which 
the outer living world communicates with the living man : a 
medium which, being present, enables the phenomena of life to 
be demonstrated, and which, being universally absent, leaves the 
body actually dead — in such condition, i.e. that it cannot, by 
any phenomenon of motion, prove itself to be alive. 

I hope I have now made clear what is generally meant by 
the theory of a nervous ether. But there are yet two other 
paints on which it is essential, for a moment, to dwell. In 
using the word etlier I do not necessarily convey the common 
idea of a body belonging to the chemical family or group called 
the ethers, or the ethyl series. I use the word ether in its 
general sense, as meaning a very light vaparous or gaseous 
matter : I use it, in short, as the astronomer uses it when he 
speaks of the ether of space, by which he means a subtle hut 
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material medium, the chemical composition of which he has 
not yet discovered. Again, when I speak of a nen’oua ether, I 
do not convey that the ether is existent in nervous structure 
only : I believe, truly, that it is a special part of the nervous 
organisation ; but as nerves pass into all structures that have 
capacities for movement and sensibilities, so the nervous ether 
passes into all such parts ; and as the ner%’ous ether is, accord- 
ing to my view, a direct product from blood, so we may look 
upon it as a part of the atmosphere of the blood. 

The theory of the existence and influence of a nervous fluid 
is old. The earliest practical neuro-physiologists seized upon 
it at once as afibrding the only explanation of many vital 
phenomena. Willis, who was the leader of modern neuro-phy- 
siology, gave the cue, and after him, up to the time of Galvani, 
every school taught the theory. “ There exists,” said the masters 
— “ there exists in the nervous system a distinct fluid, a liquid 
which proceeds from the centres towards and to the extremities 
of the nervous system. The nervous centres (the brain in- 
cluded) are thus positively glands ; they secrete the nervous 
fluid and pour it out by the nerves. As bile is secreted by the 
liver and poured forth, so is the nervous fluid secreted by its 
centres and poured forth by the nerve ducts.” Alexander 
Munro, in 1783, sums up the argument clearly and tersely, to 
the effect that the nerves are tubes or ducts conveying a fluid 
secreted in the brain, the cerebellum, and spinal marrow. 

To the physiologists from the time of Willis (who lived, by 
the way, in the reign of Charles II.) and to those who followed 
him up to the time when Galvani made his first observations 
on so-called animal electricity (1790) this hypothesis of a 
nervous fluid sufficed to explain the varied phenomena of 
ner^'ous function : the fluid was supposed to convey the vibra- 
tions of the outer world to the inner centres of the animal 
body ; the fluid governed secretion ; the fluid was the channel 
by which, or rather through which, the volitional powers of the 
animal were brought to bear on the muscular mechanism. 

Nor must it be ignored that the argiunents employed in 
support of the theory were sensible and were supported by 
experimental facts. “ When,” argued the maintainers of the 
theory — “ when we cut a nerve across and bring its parts again 
into contiguity, we do not restore the office of the nerve 
immediately, nay, the influence of the nerve beyond the 
incision is generally not restored : when we compress a nerve 
we produce numbness by the compression ; and when, by 
repeated slight compressions of a nerve, we cause repeated 
contractions of the muscles fed by the nerve, we prove that 
the impulse is exerted on matter which admits of being 
affected by simple pressure." 
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Still further, the argument of the velocity with which im- 
pressions are conveyed from the centres of the nervous system 
to the muscles, or from the external surfaces back to the centres 
— an argument which in our times has been advanced as if it 
were new in science — was studied by these earlier physiologists 
who urged that if the nerves are constantly filled or charged with 
fluid, an impulse given to that fluid at the brain may be sud- 
denly communicated to the most distant organ, or the reverse, 
although the velocity of the fluid be itself very small. 

Tlie modem reader will gather from the above that there 
was great simplicity, great beauty, great force, in the olden 
theory of a nervous fluid ; and if I could invite him to follow 
me into the subject of structure of nervous matter he might 
perchance be more convinced that the theory was in a sense 
true and unassailable. He would certainly wonder why so 
little is known, at this day, about so important a speculation. 

His wonder would, moreover, be most reasonable, for the 
theory, while it has never been successfully assailed, never 
been injured a jot by anything that has been said about it, has 
merely been let drop and forgotten, hidden for a time by the 
brilliancy of another theory — now well-nigh blazed out — I mean 
the electrical theory promulgated by Galvani. 

The evidence in favour of the existence of an elastic medium 
pervading the nervous matter and capable of being influenced 
by simple pressure is all-convincing. When we press a nerve 
firmly we act on something that is as distinctly under the 
influence of the pressure as when we press upon a vein and by 
that means influence the current of blood within the vein. 
When we freeze a ners'e we stop its function altogether, we 
make it almost like metal in its appearance and physical 
character, and we can then divide it without communicating the 
faintest scintillation of sensation to the brain.* In this case 
the cold has acted like pressure ; it has either condensed the 
nervous matter, and has, by the contraction induced, driven out 
some agent the presence of which was necessary for the per- 
formance of function, or it has condensed the agent itself to- 
gether with the nerve, so that the condition for sensation is 
suspended. When we divide a nerve we break a connection, 
we divide a structure which must be absolutely perfect for 
conveyance of motion, and with our best skill we cannot secxire 
that the connection shall be ever again rendered perfect. 

Each one of these experimental facts suggests that there 
exists in the nerve an actual material mobile agent, a something 

* This fact is well illustrated in the operation of nerving the horse, under 
ether spray. The nerve, when exposed, is found superficially frozen, and 
when frozen more deeply may be cut as if it were a soft metallic wire, dead 
to the knife as in the nerveless homy hoof below. 
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more than the solid matter which the eye can see and the 
finger touch. The question to be considered, is — the nature of 
this agent. 

In nervous structure there is, unquestionably, a true nervous 
fluid, as our predecessors taught. The precise chemical composi- 
tion of this fluid is not yet well known, the physical characters 
of it have been little studied. Whether it moves in current 
we do not know; whether it circulates we do not know; 
whether it is formed in the centres and passes from them 
through the nerv es, or whether it is formed everywhere where 
blood enters nerve we do not know. The exact uses of the 
fluid we do not, consequently, know. 

It occurs to my mind, however, that the veritable fluid of 
nervous matter is not of itself suSicient to act as the subtle 
medium that connects the outer with the inner imiverse of man 
and animal. I think — and this is the modification I suggest of 
the older theory — there must be another form of matter 
present during life ; a matter which exists in the condition of 
vapour or gas, which perv'ades the whole nervous organism, 
surrounds, as an enveloping atmosphere, each molecule of 
nervous structure, and is the medium of all motion communi- 
cated to or firom the nervous centres. 

The source of this refined matter, within the body, is, I 
think, the blood. I look upon it as a vapour distilled from 
blood, as being persistently formed so long as the blood 
circulates at the natural temperature, and as being diffused 
into the nervous matter, to which it gives quality for every 
function performed by the nerv'ous organisation. In the 
closed cavities containing nervous structure, the cavities of the 
skull and spinal column, this gaseous matter, or ether as I 
have called it, sustains a given requisite tension ; in all parts 
of the nervous structure it surrounds the molecules of nervous 
matter, separates them from each other, and is yet, between 
them, a bond and medium of communication. 

When it is once fairly presented to the mind that during life 
there is in the animal body a finely diffused form of matter, 
a vapour filling every part — and even stored in some parts ; a 
matter constantly renewed by the vital chemistry ; a matter 
as easily dispos^ of as the breath, after it has served its 
purpose — a new flood of light breaks on the intelligence. Our 
own consciousness re-echoes to us the fact. Our experience 
assures us that between ourselves and the outer world there 
is, while we live, an intercommunicating bond which connects 
us with the outer world ; which is apart from the gross visible 
substauces we call flesb, bone, brain, blood ; which in some 
way, nevertheless, is connected with both heart and brain and 
organs of sense ; which is made in and within our own organism ; 
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which produced in over quantity oppresses us ; which produced 
in too small quantity is insufficient for our wants ; which is 
renewed by food and by sleep, exhausted by wakefulness and 
labour ; which receives every vibration or motion from without, 
and lets the same vibrate into us, to be fixed or reflected back ; 
and which conveys the impulse when we will an act and per- 
form it. 

It may be mged that in this line of thought is included no 
more than the tlieory of the existence of the ether that is sup- 
posed to pervade space, the undulating ether of light. It 
may be said that this universal ether pen'ades all the organism 
of the animal txxly as from without, and as part of every 
organisation. This view would be Pantheism physically dis- 
covered, if it were true. It fails to be true because it would 
destroy the individuality of every individual being : it fails to 
l)e true because it would destroy the individuality of every in- 
dividual sense. If we did not individually produce, by our own 
chemistry, the refined essence pervading us ; if the essence were 
diffused through us independently of our eating, drinking, 
breathing, we should be independent of the earth altogether, 
endowed with an indestructible physical existence not belonging 
to us at all, specially, but to the uiriverse at large, and distinct 
from us ; we should, in fact, be as atoms of matter aggregated 
by attraction into a certain form or mould, and held to the 
earth by the attraction of the earth, but actually permeated 
with the ether, as though we floated in an ethereal sea. If we 
did not individually produce the medium of communication 
between ourselves and the outer world, if it were produced 
from without and adapted to one kind of vibration alone, then 
were fewer senses required than we possess ; for, taking two 
illustrations only — ether of light is not adapted for sound, 
and yet we hear as well as see ; while air, the medimn of motion 
of sound, is not the medium of light, and yet we see and hear. 

In the theory therefore I offer the nervous ether is an 
animal product. In different classes of animals it may difler 
in physical quality so as to be adapted to the special wants of 
the animal, but essentially it plays one part in all animals, and 
is produced, in all, in the same way. 

I think I may venture, to some extent, to define the required 
physical properties of a nervous ether. We may consider it as 
a gas or vapour, and as having in its elementary construction 
carbon, hydrogen, and possibly nitrogen : I suspect it is con- 
densable under cold, movable under pressure, diflusible by 
heat, insoluble in the blood, and holding at the natural tem- 
perature of the body a tension requisite for natural function. 
It is retained, I imagine, for a longer time in cold-blooded 
animals, after death, than in warm-blooded animals, and 
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longer in warm-blooded animals that have died in cold than 
in those that have died in heat. Upon its presence for a con- 
siderable time after death in some animals, and for a short 
time in all animals iinder favouring conditions, I believe to 
depend those post-mortem movements of muscles which Haller 
attributed to the vis insita of muscular fibre. 

The nervous ether is not, according to my ideal of it, in itself 
active or an excitant of animal motion in the sense of a force ; 
but it is essential as supplying the conditions by which the 
motion is rendered possible. It is the conductor, I presume, 
of all vibrations of heat, of light, of sound, of electrical 
action, of mechanical friction. It holds the nervous system 
throughout in perfect tension during perfect states of life. 
By exercise it is disposed of, and when the demand for it is 
greater than the supply, its deficiency is indicated by nervous 
collapse or exhaustion. It accumulates in the nervous centres 
during sleep, bringing them, if I may so speak, to their due 
tone, and therewith rousing the muscles to awakening or re- 
newed life. The body, fully renewed by it, presents capacity 
for motion, fulness of form, life. The body, bereft of it, 
presents inertia, the configuration of “ shrunk death ” the 
evidence of having lost something physical that was in it when 
it lived. 

The theory of a nervous ether comports itself well in respect 
to the refined mechanism of the senses. When the wave of 
atmosphere strikes the tympanum or drum of the ear it 
communicates the vibration to the nervous ether within, and 
so, by the auditory tract, to the central organ, the brain. 
When the wave of luminous ether impinges on the condensing 
retina it communicates the vibration, through the nervous ether, 
along the optic tract, to the brain. When the picture of an 
object is put upon the retina, it is looked at where it is put, 
on the veritable spot where it is focussed, imtil it evanishes by 
being withdrawn or shut off from the sense. When an im- 
pression is made on the surface of the body, be it made by 
heat, electricity, or mechanical excitation, it is vibrated 
through the ether to the centres of the nervous system ; and 
when an impulse from the centres is conveyed to the muscles, 
it, too, is vibrated through the same medium. 

The ether, as I opine, holds the molecules and cells of nervous 
matter, the ultimate particles of muscles, the corpuscles of blood, 
and probably the ultimate particles of the fibrine of the blood 
in a state of mobility ; it thus passively counteracts the attrac- 
tion of cohesion between particles, and prevents rigidity of 
the flexible or fluid structures of the body so long as they 
live. Being itself a simple physical agent, the nervous ether 
is, I apprehend, influenced in the most signal manner by 
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simple external conditions. It is influenced by variations of 
heat and cold, is increased in volume by heat, is contracted or 
condensed by cold ; it is influenced by atmospheric pressure ; it 
is influenced by electrical conditions of the air; the inductive 
effects of electricity on the muscles of li\-ing animals are due, 
as it seems to me, to the disturbance excited by the electrical 
action upon the animal atmosphere; nay, I conceive, we 
ourselves are rendered conscious of the changes of external 
conditions — of heat, of cold, of variations of the barometrical 
pressure, of electrical storms — by the sensible fluctuations of 
the atmosphere within us. 

Through the nervous ether, itself a gas or vapour, other gases 
or vapours may readily and quickly diffuse, and by such dif- 
fusion may so modify the physical characters of the nattiral ether 
as to lead to modifications of nervous function. Thus those 
vapours which, being diffused into the body, produce benumbing 
influence — as the vapours of alcohol, chlorofomx, bichloride of 
methylene, ethylic ether, and the like — produce their benumb- 
ing effects because they are not capable of taking the place of 
the natural ether into which they diffuse : they interfere, that 
is to say, with the physical conduction of impressions through 
what should be the pure atmosphere between the outer and 
the inner world. A dense cloud in the outer atmosphere shall 
shut out my view of the sun ; a cloud in the inner atmo- 
sphere of my optic tract shall produce precisely the same 
obscurity. 

Pain is the result of rapid vibration of the nervous ether ; 
and pain, whether it be called physical or mental, is the same 
event. The so-called physical pain, that which comes from a 
blow or a cut, is excessive vibration, more than the brain can 
receive. The so-called mental pain is excessive vibration carried 
through the senses to the centres, or excited in the centres 
and carried to the outlets of the body for relief. 

It is, I think, no figure of speech to say that nerves bleed 
— no figure of speech to affirm the phenomena of nervous 
exhaustion, of neirous collapse, of nervous strain and of 
nervous overstrain. Under mental labour or emotion nerves 
bleed as vessels do — bleed not blood in mass, but the richest 
product of blood. Under violent shock the whole ner\'ous 
atmosphere is thrown into vehement vibration, the heart is held 
fixed by the commotion, and the failure of animal force is 
followed by sudden and overwhelming prostration. These are 
all clear physical phenomena. A feeble animal chemistry yields 
a feeble nervous tension, a powerful chemistry or action pro- 
duces over-tension. 

The infliction of physical pain is followed by the shriek, the 
sob, the moan, or the hard setting of muscle : the shriek, the 
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sob, the moan, or the muscular rigor is the echo of the pain ; 
it is more, it is the outlet of the evil, the excess of vibration 
reflected, diverted, given forth. The infliction of mental pain 
is followed by tears, sighs, and other varied forms of grief ; 
these are, again, the echoes and the outlets of the evil. 

The tension of the nervous ether generally may be too high 
or too low ; it may be so locally, owing to local changes in 
the nervous matter it invests and charges. Under imdue 
tension of the brain or cord, both closed firmly in by bony 
walk, the ether, under sharp excitation, may vibrate as if in a 
storm, and plunge every muscle under cerebral or spinal control 
into uncontrolled motion — unconscious convulsion. 

Lastly, the nervous ether may be poisoned ; it may, I mean, 
have diffused through it, by simple gaseous diffusion, other 
gases or vapours derived from without; it may derive from 
within products of substances swallowed and ingested, or 
gases of decomposition produced, during disease, in the body 
itself. But here a field of observation opens relative to the 
production of some forms of acute and chronic diseases on 
which I must not enter, were even space at command. 

I have tried, and I hope with success, to offer a simple and 
practical view of a very difiicult subject. The philosopher 
may think the subject void, the public may think it obscure. 
There are many, I am aware, who will say that although the 
theory is reasonable it is comparatively worthless until more 
is known — until, in short, the physical character of the assumed 
nervous ether is demonstrated and certain definite phenomena 
are made manifest by its mediation. This criticism, which I 
should be the first to suggest, I am the last to ignore. I 
profess only at the present moment to submit a theory ; I look 
to experiment for the trial of the theory, its truth, its fakity ; 
and as it is a theory which experiment can slowly, but in the 
most striking and solemn manner, truly and faithfully try, I 
abide the result with leisure and contentment. 
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ON PLEISTOCENE CLIMATE AND THE RELATION 
OF THE PLEISTOCENE MAMMALIA TO THE 
GLACIAL PERIOD. 

Br W. BOYD DAMiaXS, M.A., F.R.S., F.G.S. 

[PLATE LXXVra.] 



T he animals which inhabited northern France, Germany, 
and Britain, during the Pleistocene* age, have been de- 
fined with the greatest accuracy by M. Lartet, Dr. P"alconer, 
Professor Busk, and others, and probably will not be largely 
increased by any future discoveries. There are, however, 
certain inferences to be drawn from the comparison of the 
present with the former range of the Pleistocene animals, both as 
to climate and geography, whieh have not been brought pro- 
minently forward. The delicate question also of their relation 
to the glacial period, which has been svh judice for the last 
twenty years, demands a careful attention. In the following 
essay I shall attempt to show to what extent it may be solved 
by an appeal to the localities in Great Britain and Ireland, in 
which they have been discovered. I have already proved in 
the “ Quarterly Geological Journal ” for 1869, p. 192, that the 
contents of the bone caves and of the river deposits of Great 
Britain are, zoologically speaking, of the same age, and that 
the absence of one or two animals in the one or the other does 
not necessarily imply a difference in point of time. The cave 
bear is prol«ibly absent from the river beds because it was an 
inhabitant of caves, and was not liable to be swept down by 
the floods and buried in the river gravels and alluvia, just as 
the squirrel is absent from both, because of its arboreal habits : 
it has left the g;nawed nut-shells in the Cromer forest bed as 

* The term Pleistocene is used in this essay as the precise equivalent of 
the term Quaternary, and as the natural name of the stage succeeding the 
Pleiocene. The Forest-hed mammalia, which I have formerly included in 
the Pregladal division of the Pleistocene, are relegated to the passage beds 
of the Pleiocene, or the Upper Pleiocene. Evidence for this change of no- 
menclature will shortly be published. 
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the only proof that it lived in Britain at that remote time. 
An examination also of the tables of the distribution of the 
animals proves, that so far as Great Britain and Ireland are 
concerned, the attempt to form a chronology, based on the 
presence of the mammoth, reindeer, cave-bear, and bison, has 
failed, because all the species are found indifferently mixed up 
together under the same conditions. I shall therefore treat 
the mammalia, both from caves and river beds, as being of the 
same age and belonging to the same fauna. 

The Pleistocene land fauna of Great Britain, consisting of 
forty-eight species, may be divided into five well-marked 
groups, which will be examined separately : the first compre- 
hending all the extinct species ; the second, those still inhabit- 
ing the temperate zone of Europe ; the third, those common to 
northern and tropical climates; the fourth, those confined to 
southern climates at the present day ; and lastly, those confined 
to the inclement regions of the north. 

The extinct group consists of nine, or perhaps ten, animals: 
the sabre-toothed machairodus, of Kent’s Hole, and the narrow- 
toothed Elephas antiqmis ; the two slenderly-built rhinoceroses, 
the megarhine, and the R. hemitoechus of Dr. Falconer {R. 
leptorhinua of Owen), the tichorhine species, the cave-bear, the 
Irish Elk, the Cervus Browni, the mammoth, and possibly the 
Hippopotamus major. The last may possibly be represented 
at the present day by the larger African species. The first 
four and the last of these animals were of a southern habitat 
in Europe: the cave-bear, the Irish elk, and (Cervua Browni) 
Brown’s deer — the representative of the fallow deer of the 
Mediterranean — were dwellers in the temperate zone ; while 
the mammoth was almost cosmopolitan, occurring alike in 
France and Spain, and living alike on the fruit and leaves of 
the Scotch fir in Siberia, and the rich vegetation of the lower 
basin of the Mississippi. The woolly rhinoceros, on the other 
hand, was an animal tliat did not range in the Pleistocene 
times further south than the Alps and Pyrenees, while north- 
wards and eastwards it extended as far over the whole of 
Siberia, and the now submerged area to its north, near the 
mouths of the Lena and the Indigirka. The Irish elk is the 
only animal that survived its extinct companions of the 
Pleistocene age, ultimately to disappear from the face of the 
earth during the time that the pre-historic peat-bogs and 
alluvia were being accumulated. 

The mammoth and the woolly rhinoceros are the only two 
extinct forms that characterise the Pleistocene deposits, being 
found neither in the pleiocene nor in the pre-historic strata. 

The second group, consisting of those Pleistocene species 
which still inhabit the temperate zones of Europe and America, 
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twenty-seven in number, links together the ancient with the 
present fauna. The bison, or the aurochs, ranged over nearly 
the whole of tlie Euro-Asiatic continent in Pleistocene times, 
from the Pyrenees through France and Germany and Siberia, 
as far asBeliring's Straits and Eschscholtz Bay, on the American 
shore of the Arctic Sea, in company with the mammoth and 
the reindeer. In the days of Charlemagne it inhabited the 
forests in tlie neighlKiurhood of Aix-la-Chapelle, and some 
thirty years ago it was met with in the Caucasus, and at the 
present day it lingers in the Lithuanian forests, protected by 
a special decree of the Czar of Kussia. The American variety 
inhabits the temperate zone of North Americji. I agree with 
Professor Bnindt, of St. Petersburg, in viewing the American 
bison as a variety of the European, after a careful comparison 
of the points of difterence iR-tween the two animals. The 
Pleistocene bist)ii stands half way Indween the European and 
the .American, and represents sometimes the characters of the 
one and sometimes the characters of the other. The Unis is 
still living, as Professor Butimeyer tells us, in our domestic 
breeds, and it inhabited the woods of Germany in a feral state 
at least as late as the days of Charlemagne. Tho grizzly bear, 
for the identification of which we have to thank Professor 
Busk, is hi 1)0 met with only in the temperate regions of North 
America. During tho Pleistocene age if was more numerous in 
Britain than any of the other species of l>ear. The rest of the 
group may be passed over without further notice. They 
consist of 
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The Celtic short-horn {Bos longifrom) and the goat {Capra 
hircus) have l>een purposely omitted, becaase there is no 
evidence that either inhabited Great Britain or any part of 
Europe during Pleistocene times. 

The third group, consisting of species common to cold and 
tropical climates, is represented only by the panther, which 
has l)cen discovered by Mr. Sanford and myself in the eaves of 
the Meudip Hills. On the continent it is known under the 
name of Fells antlq^ia. It is by no means rare in the eaves. 
At the present day it is found throughout Africa, Asia Minor, 
Palestine, and the Altai mountains in Siberia. 
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We come now to the species found at present only in 
southern climates, the cave lion and the cave hyiena. The 
first of these is identical with the lion of Africa and Asia, and 
lived in the mountainous districts of Macedonia at the time 
that Aristotle was writing his “ Natural History.” Tlie second 
I am unable to distinguish from the spotted hya?na now found 
only in South Africa. Roth tliese animals were, ou the whole, 
larger than their living representatives, a difference which 
proliably was caused by the abundance of food which they 
obtained, the hunters in those early days not being sufficiently 
numerous to compete with the carnivores for their prey. 

The mammalia, composing the fifth and most important 
group, now confined to the colder regions of the north, or to 
high altitudes in the northern hemisphere, consists of the 
glutton, reindeer, musk sheep, poiiched marmot, tailless hare, 
and the lemming. 

From this short analysis of the Pleistocene fauna, we can 
realise the peculiar mixture of extinct animals with those now 
vanished to different regions of the earth. We have now to 
examine the conditions under which they must have lived in 
Europe during the Pleistocene age. We will take that re- 
lating to the climate first. The hya'iia and the lion, living 
only at the present day in hot regions, imply at first sight 
that the temperature under which they lived in Europe was 
comparatively high. But, on the other hand, the fact that the 
tiger of the Altai is specifically identical with that inhabiting 
the jungles of Bengal, shows that the testimony offered by the 
carnivores as to climate is not altogether trustworthy. In the 
case of the lion, the temperature of the mountains of Thrace 
was undoubtedly infinitely more severe than that of any region 
in which it now lives, and mo.st probably approaches to that 
under which it occupied the forests of Germany, h'rance, and 
Britain. The spotted hytena may very likely have been en- 
dowed with the same elasticity of constitution as the living tiger, 
which enabled it to live in far colder regions than that in which 
it is now found. We may therefore dismiss the evidence of 
both these animals as to climate, as lieing liable to lead into 
error. The presence, however, of the genus hippopotamus in 
the Pleistocene fauna cannot be accounted for except by the 
hypothesis that during the time it lived here the climate was 
temperate, or even warmer than it is now. All the species 
of hippopotamus now alive spend the greater part of their 
lives in the water, rather than on the land. It is there- 
fore extremely improbable that any ancient species, so little 
removed in form from the living, coidd have inhabited a 
country in which the rivers were frozen for a considerable 
portion of the year. Had the Pleistocene hippopotamus been 
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endowed with habits and modes of life diflferent from those . 
of the living species, it is scarcely possible that this differ- ' 
ence should not have impressed itself on the skeletons which ^ 
attest its presence in Europe. And yet the difference is so 
small between the extinct European and the existing larger | 
hippopotamus, that it is scarcely appreciable. The animal, 
therefore, indicates that during the time it occupied Europe, 
the rivers were free from ice. 

This view is, however, directly opposed by the evidence of 
the whole group of Arctic mammalia, which lived in central 
and northern Europe during the Pleistocene age. It is incre- 
dible that the climate suited for the well-being of the hippo- 
potamus could at the same time have been adapted for the 
reindeer, the lemming, or the musk sheep; for we have no 
reason to believe that the powers of resisting heat or cold 
^po8ses8ed by these animals ever differed from those which they 
now possess. The evidence, therefore, afforded on the one 
hand of a warm Pleistocene climate is balanced on the other by 
that in favoiu of its having been as severe as that under which 
the northern group of mammalia now flourisli. And the opi- 
nions of eminent naturalists are, as near as possible, equally 
divided as to its actual character. M. Lartet, fixing his atten- 
tion more particularly on the hippopotamus, inclines to the 
former view, while the latter is that taken by Dr. Falconer and 
Mr. Prestwich. The two views are, however, by no means antago- 
nistic, if we suppose that in Pleistocene Europe the climate 
was somewhat similar to that of the vast plains of Siberia, 
extending from the Altai mountains to the Arctic Sea, or to 
that offered by the inland climate of North America. In 
Siberia we meet with every gradation in climate, from the 
temperate down to that in which the cold is too severe to allow 
of the growth of trees, which gradually decrease in size as the 
traveller passes northwards, and are replaced by the grey 
mosses and lichens of the low, marshy tundras. Throughout 
the north the winter cold is intense, and in the southern por- 
tion is almost compensated for by the great summer heat, and 
its marvellous effect on vegetation. In the north countless 
herds of reindeer and elks, followed by wolves, foxes, bears, and 
gluttons, are continually on the move, in the heats of summer 
passing northwards, and avoiding the severity of the winter by 
withdrawing for shelter into the forests in the south. If the 
reindeer retreat far south, a severe winter is to be appre- 
hended ; if they remain very nearly in their usual haunts, the 
season is invariably a mild one. There is, indeed, a continual 
swinging to and fro of the Siberian mammalia; the reindeer some- 
times invading the province occupied by .the elks and reddeer, 
while at others the latter animals encroach upon the province 
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of the reindeer. The North American mammalia also vary in 
their range according to the climate, as Sir John Franklin 
found, to his cost, when he was travelling over the barren 
grounds from the shore of the Arctic Sea. In both America 
and Siberia there is a zone of debateable groimd, in which the 
mammals of the Arctic and temperate provinces are continu- 
ally oscillating to and fro, according to the seasons. And in 
this their skeletons could not fail to be mixed together in the 
deposits of the rivers. The musk sheep, for instance, which 
in Heme’s day, a.d. 1772, lived near Fort Churchill, has now 
left that district to be occupied by the elk and the wapiti. 

There can be no doubt that the mixed character of the 
Pleistocene fauna in Britain and Central Europe is due to a 
similar oscillation to and fro of the animals according to the 
seasons ; and when we consider the geographical position of 
that area at the time (PI. LXXV’III.), we can see at once how 
the mammalia occupying it must necessarily have been mixed. 
The land stretched continuously without any impassible 
barrier northwards and eastwards to the present home of the 
reindeer in Euro-Asia ; while, on the other hand, it reached 
southwards over a considerable portion of what is now the 
Mediterranean, almost, if not quite, touching Africa. The 
winter cold and the summer heat of so g^eat a mass of 
land must necessarily have been more severe than now, when 
the Mediterranean occupies a far wider area, and when the 
Atlantic and the Baltic and the North Sea have considerably 
diminished the area of the land. It is therefore by no means 
to be wondered at that a southern animal, such as the hippo- 
potamus, should have wandered northwards and westwards as 
far as the latitude of Yorkshire, and it is worthy of note that 
this is the extreme northern limit of the range of the animal. 
On the other hand, during the severity of winter the reindeer 
and the musk sheep descended southwards, and occupied the 
area which they deserted at the approach of summer. Such, 
in my belief, is the explanation of the mixed character of the 
Pleistocene fauna ; it arises partly from the climatal extremes 
which must result from the extension of the European continent 
over what is now sea. The continuity of land also northwards 
and southwards afforded room for the swinging to and fro of the 
northern and southern forms of life. When that continuity 
was broken the animals would be cut off from their bases of 
retreat, and disappear from a region in which the climate was 
passing from a continental to an insular condition. It must, 
however, be admitted that the enormous preponderance of 
northern over southern animals in Pleistocene Europe implies 
a great severity of winter cold, while the comparatively few 
remains of southern animals show that they were rarely able 
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to invade the country of the reindeer. All the remains of 
fosi^il hippopotaimw in this country which I have seen, with 
two exceptions, belong; to adults, and it is very probable that 
that animal seldom or never bred in our country. The mam- 
moth has purposely l)een omitted in this analysis of the evidence 
afforded by the mammalia as to the climate, l>ecause it happens 
to l)e one of the few creatures which were able to liv^e under 
very different climatal conditions, being found alike in the 
volcanic ash in which Rome is built, the frozen marehes of 
Siberia, and in the morasses of the Southern States. 

Nor does this evidence as to the Pleistocene climate stand 
alone. The contorted gravels, and the angular state of the 
pebbles of which they arc often composed, are, as Mr. Prest- 
wich infers, explicable only on the theory of ice having been 
formed in our rivers in larger quantities than at the present 
day : the one being the result of the grounding of large masses 
of ice, and the other of their melting away, and consequently 
dropping their burden of pebbles. The large plateaux of brick 
earths are also probably deposited by floods, caused, like those 
of Siberia and North America, by the sudden melting of the 
winter snow. 

This consideration of a Pleistocene climate leads necessarily 
to the difficult problem of the relation of the Pleistocene 
mammalia to the period of intense cold, the Glacial period ; 
and Ixjfore this can l>e discussed, I must define exactly what 
I mean by the term. At the close of the Pleiocene period the 
temperature of northern and central Europe became lowered 
to such a degree that it became almost Arctic in character, and 
those complex phenomena were manifested which we know as 
glacial. And the latter indicate geographical changes of 
enormous magnitude. The researches of many eminent ob- 
serxers prove, that at the commencement of the Glacial period 
an enormous sheet of ice, like that under which Greenland now 
lies buried, extended from the hills of Scandinavia over North 
Germany, the North Sea, Scotland, Ireland, Cumbria, and the 
hilly districts of England, at least as far south as the valley of 
the Thames. The land then, most probably, as Professor 
Ramsay and Sir Charles Lyell believe, stood higher than it 
does now. Then to this succeeded a period of depression, 
during which the mountains of Wales were submerged to a 
height of at least 1,300 ft. ; and the waves of the sea washed 
out of the pre-existing glacier detritus the shingle and sand, 
termed the ‘ middle drift,’ of the North of England and of Scot- 
land and Ireland." Then the land was re-elevated above the 

* I have to acknowledpe the kind assistance of Professor Hull, F.RS., 
Mr. Kinahsn, and the Iter. M. II. Close, in this portion of the subject 
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waves, and a second period of glaciers set in, traces of which 
occur abundantly in Wales, Scotland, Ireland, and even as 
far south as Dauphine and Auvergne. They were, how- 
ever, of far less extent than those which preceded them, 
occupying isolated areas instead of forming one continuous icy 
covering to the country. Such as this is a brief resume of the 
glacial phenomena; 1. As the pleiocene temperature was 
lowered, the glaciers crept down from the tops of the moun- 
tains, until at last they formed one continuous ice sheet, 
moving resistlessly over the smaller hills and valleys, to the 
lower grounds, and the first glacier period set in. 2. Then 
followed the period of depression beneath the sea. 3. And, 
lastly, on the land re-emerging from the sea, the second glacier 
period set in. The climate during the marine depression must 
obviously have been milder than that of either of the glacier 
periods, because of the moderating effect of the presence of a 
stretch of sea. 

What is the precise relation of the Pleistocene mammals 
to these two glacier periods ? Did they invade northern and 
central Europe during the first or tlie second, before or 
after, the marine submergence indicated by the “middle 
drift ? ” We might expect, a priori, that as the temperature 
became lowered the northern mammalia would gradually 
invade the region occupied before by the pleiocene forms, and 
that the reindeer and the mammoth would gradually sup- 
plant the Cerviis ardena and tlie Elephaa 'tneridionalia. 
Traces of such an occupation would necessarily be very rare, 
since they would be exposed to the grinding action both of the 
advancing glacial sheet, and also sulwequently to that of the 
waves on the littoral zone during the depression and re-eleva- 
tion of the land. At the time also that the greater part of 
Great Britain was buried under an ice sheet, they could not 
have occupied tliat region, althougli they may liave been, and 
most prokibly were, living in the districts further to the south, 
which were not covered by ice. The labours, however, of Dr. 
Bryce and others proved that one at least of the characteristic 
Pleistocene mammalia — the mammoth as well as the reindeer 
— lived in Hcotland before the deposit of the lower boulder- 
clay ; while Mr. Jamieson has pointed out that they could not 
have occupied that area at the same time as the ice, and there- 
fore must Ije referred to a still earlier date.* The teeth and 
bones discovered in the ancient land surface at Selsea also 
very probably indicate that the mammoth lived in Sussex 

* For account of these discoveries, see “ Trans. Oool. Soc. Glasgow,” 
vol. i. part 2 ; “ Quart. Geol. Joum.," vol. xxi. pp. 101 etteg. and pp. 204 et teg. 

I am also indebted to Mr. James Geikie for valuable information on the 
subject 
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before the glacial submergence, although they were never 
admitted by Dr. Falconer to be of the same age as the remains 
of Etephaa anti^uus from the same preglacial horizon. On a 
careful examination of the whole evidence, I am compelled to 
believe, with Mr. Godwin-.\usten and Mr. Prestwich, that the 
a priori argument that Pleistocene mammalia occupied Great 
Britain before the first glacier period to be fully borne out by 
the few incontestable proofs that have been brought forward of 
the remains being found in preglacial deposits. And the 
scanty evidence on the point is just what might be expected 
from the rare accidents under which the bones in superficial 
deposits could have withstood the grinding of the ice sheet and 
the subsequent erosive action of the waves on the coastline. 
This view seems to me to be more likely to be true than that 
which I have hitherto maintained, that the Pleistocene mam- 
malia arrived here after the marine submergence, and to which 
I had been led partly by the doubts of Dr. Falconer as to the 
age of the mammoth at Selsea, and partly from my own doubts 
whether the clays under and on which the animal was found in 
Scotland belonged to the first or to the second period of glacier 
extension ; while, on the other hand, the postglacial range of 
the Pleistocene mammalia in central and eastern England was 
clearly proved in many cases. 

But whatever view may be held as to the amval of the 
Pleistocene mammalia in Britain during the lowering of the 
temperatiue which immediately preceded the first glacier period, 
an examination of the accompanying map (PI. LXXVUI.) will 
prove that they were in full occupation of the low country at 
the time that the higher lands and certain other regions were 
occupied by the ice during the second glacier period. The 
dott^ areas are those in which the Pleistocene mammalia 
have been found in Scotland, Ireland, Wales, and England, 
Northern France and Belgium, and which occiu equally in 
the bed of the North Sea and in the British Channel ; while 
those areas which are left plain on the map are those which 
are full of the most fresh-looking traces of ice action, old 
moraines, glacial striae, and the like, which have a direct rela- 
tion to the existing valleys. 

The absence of these animals from those areas must have 
been caused by the existence of some barrier to their migra- 
tion ; and the hypothesis that this was the presence of ice 
alone satisfies all the conditions of the case. It accounts both 
for the exceedingly modem aspect of the glacial phenomena, 
and for the irregular distribution of the animals.* We may 

* The authorities for the distribution of the mammalia are to be found in 
my Essay published in “Quart. Geol. Joum.,” May I860. 
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therefore be tolerably certain that the Pleistocene mammalia 
lived here at the same time that the glaciers still covered 
large areas in Great Britain and Ireland. 

The consideration of the Pleistocene climate is also inti- 
mately connected with the former extension of North- 
Western Europe into the Atlantic ; for the extremes of tem- 
perature implied by the mixed character of the former can only 
be satisfied by the view that Great Britain was not an island, 
but an integral portion of a continent. In the following map, 
which is based on that drawn by Dr. Petermann and published 
by Dr. Stieler, I have followed Sir H. de la Beche and Sir 
Charles Lyell in taking the 100-fathom line as representing 
the coast, the time from which the soundings deepen sea- 
wards so quickly in every direction, that the line of 200 
fathoms would include an area which is but slightly larger. 
As evidence of this coast line, Mr. Godwin-Austen has brought 
forward the littoral shells, the shingle, and the line of rocks 
which are found near the embouchment of what may be called 
the river of the English Channel. And that this river is no 
myth is proved by the discovery of the U nio pUtonim, in from 
50 to 100 fathoms water, by Captain Wliite, at the same 
point. 

To complete this very brief sketch of the physiography of 
Pleistocene Britain, I have inserted the rivers, and have traced 
them by the soundings to their mouths in the Pleistocene sea. 
A glance at the map will show the relation of the present 
rivers to those great arteries to which they once contributed 
their waters. It is obvious that the great valleys of the 
English Channel and the North Sea, and probably that of the 
British Channel, would afford free scope frr the migration of 
the Pleistocene mammalia from France and Germany to our 
country, and that of the Irish Channel to Ireland. And 
it is by no means remarkable that the paleolithic savages 
who lived on the banks of the Somme or the Seine, or in the 
caves of Belgium, should have left like traces of their presence 
in the south and the east of England. Had they merely occu- 
pied one side only of what must have been to them a most 
valuable hunting-ground, and not sometimes have crossed over 
to the other, we should have cause to wonder at their caprice. 



EXPLANATION OF PLATE LXXVIII. 

Dotted Areas those in which Pleistocene mammalia have been found. 
Lined „ — the extension of land to the 100-fathom line. 

Plain „ = Glaciers. Figures - fathoms. 
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STAR STREAMS AND STAR SPRAYS. 

Br RICIIAnn A. PROCTOR, B.A., F.R.A.S., Author of “Ornra 
AVorlds,” “The Sus," “Light Sciekce,” &c. &c. 



T he stellar heavens present us with a problem of vast 
difficulty — the problem of determining the laws according 
to which those myriads of orbs which the unaided eyes can see, 
or which the telesco]ie reveals, are distributed throughout space. 
We can determine the laws of stellar distribution so far as they 
relate to the imaginary concave of the heavens. We could 
form a globe upon which millions of stars might be indicated ; 
or, better, we might mark these millions of stars upon the interior 
surface of a hollow glolw ; and thus, so far as the apparent laws 
of stellar arrangement are concerned, we might actually' render 
the eye cognisant of all which even the most powerful telescopes 
can reveal. But when this had been accomplished, we should 
have made but a short step towards the determination of the 
manner acconling to which the stars are distributed tlu-oughout 
spiice. We should have placed all the stars which the telescope 
reveals upon a spherical surface, wdiereas we know that they lie 
in reality on no such surface, but some at distances much 
vaster than the distances which separate us from others. We 
know that if we have to deal with a sphere of stars at all, it is 
a sphere full of stars, and not a spherical surface covered tvith 
stars, that w’e have to consider. But, in truth, we know that the 
.space containing all the stars revealed by jwwerful telescopes 
may not even approach the form of a sphere ; and that within 
that space the stars may be distributed in the most irregular 
manner — here crowded most densely, here sparsely scattered, 
and throughout enormous regions mayhap altogether wanting; 
in some places arranged into clustering aggregations, in 
others in streams, and elsewhere in fantastic convolutions or 
reticulations ; while, for aught that has yet been shown, the 
whole stellar region may be occupied more or less richly with a 
variety of forms of matter other than stars or suns, and even 
differing perhaps from any forms of matter with which we are 
acquainted. 
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Unfortunately we have no means of modifying the conditions 
of the problem presented to us by the stars. We must be 
content to analyse patiently the evidence by means of which 
alone the problem can be attacked. Whether when that has 
been done, or while that is being done, we shall be able to form 
clear and definite conclusions respecting the stellar system, need 
not at present concern us. It is at any rate certain that if the 
secret of the heavens is to be disclosed, it can only be as the 
result of systematic inquiries directed to the vast mass of 
information which has already been gathered together ; and the 
doubts we may entertain as to the actual fruits of such inquiries 
ought not to deter us from making them, since that would 
be in effect to give up the problem of the star-depths altogether. 
To use the words of the astronomer to whom more than to any 
other, save one alone, we owe the power itself of making such 
inquiries, we must “ not be deterred from dwelling consecutively 
and closely on speculative views by any idea of their hopeless- 
ness which the objectors against ‘ paper astronomy ’ may 
entertain, or by the real slenderness of the material threads out 
of which any connected theory of the universe (at present) has 
to be formed. Hypotheses Jingo in this stage of our knowledge 
is quite as good a motto as Newton’s non jingo, provided 
always they be not hypotheses as to modes of physical actum 
for which experience gives no warrant.”* 

My purpose in the present paper is to pursue an inquiry 
(commenced by me some five years ago) into a certain |>ecu- 
liarity of the arrangement of objects within the star-depths, 
which app>ears to promise some insight into the real laws of 
stellar aggregation. I refer to the circumstance that there 
may be observed among the stars a tendency to arrangement 
in streams, of greater or less length, and more or less distinctly 
recognisable. I offer at present no explanation of the observed 
fact, but seek rather to convince the reader that this peculiarity 
has a real existence, and that it may l>e regarded as in fact a 
characteristic peculiarity of the stellar system. It must be 
mentioned, however, that the tendency to stream-formation 
among the stars is not to be regarded as universal. On the 
contrary, it is but a sign of a much more general law, accord- 
ing to which the stars are found to aggregate in certain regions 
and to be segregated from others, as though, in some long past 
era, forces had been at work which drew the star material 
towards certain regions of space, to the avoidance of others. 
And here again, I would invite attention to the fact that tlie 
study of these laws of stellar aggregation and segregation seems 
to afford the only means of attacking a problem of immense 

* From a letter to the present writer, August, 1869. 
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difficulty, to which the inquiring mind is naturally led by the 
partial success which has attended inquiries into the origin of 
our own solar system. We recognise so clearly within our 
solar system such motions and such laws of distributioo 
as suggest a process of evolution, that the mind is led to 
inquire whether the motion of the stars and their arrangement 
throughout space may not indicate the action of a yet higher 
order of evolution. If the genesis of a solar system has been 
or is being revealed to us, may not the genesis of a galaxy be 
one day revealed in like manner ? 

But I merely point to such inquiries as these, in passing, by 
way of indicating the class of questions to which such phe- 
nomena as I am about to consider may eventually lead. 
Let us now turn simply to the discussion of those observed 
facts which seem to show that the stars in certain regions have 
been gathered into streams. 

If we consider the stars according to their various orders of 
apparent magnitude, we are, in fact, treating the problem pre- 
cisely as though the celestial vault were studied by means of 
telescopes progressively increasing in power. Nor need we, in so 
doing, make any a.ssumption as to the real magnitudes of the 
stars. We know quite certainly that whatever telescopic power 
we use, or even when we study the heavens with the naked 
eye, we have to deal with objects lying at different distances, 
and that, therefore, we are exptosed to the possibility of error 
arising from the fact that orbs which seem to be associated 
may in reality be in no way connected. But if we keep this 
possibility of error very carefully in view, and if we apply to 
the various cases which come under our notice such laws of 
reasoning as may best serve to eliminate such error, then, al- 
though we may not be sure that in all instances the error in 
question has been obviated, we shall yet have done much to 
obtain at least probable evidence respecting the laws of stellar 
distribution. 

As an illustration of my meaning, I will take an instance 
belonging to the more general law of stellar arrangement, of 
which stream- formation is but an instance. The reader is 
aware that the six stars which ordinary powers of sight recognise 
in the Pleiades, are but a few among a very large number which 
are seemingly collected towards one particular region of the 
heavens in this place. Now, if we consider only two stars of 
the Pleiades, considerably unequal in magnitude, it must be 
regarded as not only possible, but (on a priori considerations) 
highly probable, that these two orbs lie at very different dis- 
tances from the earth, and are not physically associated. But 
we are not free to extend this reasoning, which is admissible io 
the case of two stars, to the whole group of the Pleiades, and to 
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argue that, because we have no means whatever of determining 
the actual distances of the orbs in that group, we are not at 
liberty to assume that they form a real clustering aggregation 
of stars. In so doing, we should undoubtedly be losing sight 
of evidence which absolutely demonstrates the chistering nature 
of the Pleiades. We have only to consider the mathematical 
probability that so many orbs would be gathered together 
within a certain portion of the heavens in the Pleiades, when 
the total number of stars between the same limits of magnitude 
is such and such, to see that we have not to do with an acci- 
dental phenomenon due merely to the apparent association of 
stars of many orders of distance in nearly the same direction, 
but with a real aggregation of stars into a definite cluster, sur- 
rounded on all sides by comparatively vacant regions. We know 
that William Mitchell, more than a hundred years ago, by 
simply considering the six brighter stars of the Pleiades, was 
able to show that the odds are about half a million to one 
against the association of these stars being apparent only.* 

Now it is worthy of notice that, even among stars of the first 
three or four orders of magnitude, sig^s of aggregation are 
discernible, which appear too marked to be due to mere chance 
distribution. For instance, if we take an equal-surface (iso- 
graphic) chart of the northern heavens, showing all stars down 
to the fourth magnitude inclusive, we are struck by the singular 
vacancy lying where modern astronomers place the constella- 
tion of the Cameleopard. Within an oval space, having Polaris 
and Castor as the ends of its longer diameter, Dubhe and 8 
Aurigce as the ends of its shorter diameter, there are but three 
stars (of the fourth magnitude), although this region extends 



• Mitchell's paper, in Vol. Ivii. of the Philofophical Trmunctions, antici- 
pates in the clearest possible manner one of the general laws of stellar 
distribution which I have lately endeavoured to establish. The following 
passage, in particular, may be quoted in illustration ; — “ It has always been 
usual with astronomers to dispose the fixed stars into constellations ; this 
has been done for the sake of remembering and distinguishing them, and 
therefore it has in general been done merely arbitrarily and with this view 
only ; nature herself, however, seems to have distinguished the stars into 
groups. What I mean is, that from the apparent situation of the stars in 
the heavens, there is the highest probability that, either by the original act 
of the Creator, or in consequence of some general law (such, perhaps, as 
gravity), they are collected together in great numbers in some parts of 
space, whilst in others there are either few or none. The argument I make 
use of in order to prove this is of that kind which infers either design or 
some general law, from a general analogy, and the greatness of the odds 
against things having been in the present situation, if it was not owing to 
some such cause.’’ 
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over some fifty-eight degrees in length and about thirteen 
degrees in Ijreadth. 

But it is when we consider the stars down to the fift h magni- 
tude inclusive that we first begin to recognise the existence of 
a marketl tendency to stream-formation. It is among theise 
stars, in fact, that we find those streams which the ancients 
recognisfsl when they gave to certain star-groupings such 
names as Hydra, Draco, Serjiens, the River Eridamus, and when 
they marked down among the constellation-pictures two streams 
from the water-can of Aquarius and a band connecting to- 
gether the two fishes. The prolongations of some of these 
streams of lucid stars have been recognised by those modem 
astronomers who gave to certain southern star-groupings the 
names Hydrus, Reticulum, and the like. 

Now, the chief question which has to be answered, in con- 
sidering the evidences of stream-formation, is whether the 
streams are a])jxarent only or real; and, in order to answer 
this question, we have to inquire what form or degree of stream- 
iness (so to speak) might l>e expected among the 1,500 
stars, ilown to the fifth magnitude inclusive, if those were 
really sjiri-ad at random over the celestial sphere. In the 
“ Popular Science Review ’’ for July 1870, I have indicated the 
means whorehy I have tested this matter, and the conclusion 
to wliich I have bt“eu led — tki« namely, that although among 
l,o(K) or 2,(XK) points distributed at random over a surface of 
any kind, certain groups resembling streams might be recog- 
nised, such streams would not be nearly so well marked as the 
streams actually observed among the stars down to the fifth 
magnitude. But, on the other hand, it is not to be expected 
that the star streams actually recognised should lx- so exceed- 
ingly well marked and regular, or should be traceable over 
such great distances, thiit the reality of the stream-formation 
mtist lie obvious at once. Had this been the case, indeed, the 
reasoning by which I have endeavomed to establish the reality 
of the phenomenon would not have been required. The first 
astronomers would have recognised the phenomenon as clearly 
as we. can do. Therefore I do not consider the arguments 
which have bc‘en chiefly urged against these streams of lucid 
stars, regarded as having a real existence, as needing refutation. 

It has been urged that the streams can only be traced over 
such and such disbmees; that they can be carried this way or 
that, according to fancy, and so on. This, however, was to be 
expeettd ; if it were otherwise, the reality of the streams would 
long since have lieen recognised ; and apart from this, re- 
membering that we are looking into the depths of space, and 
that, supposing star streams really to exist, we must see them 
foreshortened — in many instances projected on a background of 



Digitized t, GnOgli 



STAR STREAMS A^iD STAR Sl’lUYS. 



403 



stars less systematically distributed, and in other cases mixed 
■up seemingly with other streams, either nearer or further otf — 
tile wonder rather is that any well-marked potiion of any 
stream should be recognisable, than that no stream should hie 
tjraceable over very large areas on the heavens, and still less from 
its beginning to its end. That the reader may form his oivn 
opinion as to the reality of the streams traceable among stars 
clown to the fifth magnitude, I give the case of a star-group 
■which is certainly not the most remarkable for streaminess, but 
chances to lie more convenient for the purposes of illustration 
than most others. Fig. 1 presents the stars forming the 



Kio. 1. 




Sliowing tho stars which form the connecting Uninl of Pisces, &c. 



connecting band of Pisces. The bright star in the lower left- 
hand comer is the knot of the band, one ptirt of the band being 
formed by the curved stream of stars passing to the lower 
right-hand comer, the other by the curved stream passing, with 
an inflection near the double star in the figure, towards the 
upper right-hand corner. In this figure the fact that certain 
sets of stars lie on certain curved lines is of slight significance, 
for assuredly in any chance distribution of stars the like 
would be found ; the fact which is really significant is the 
paucity of stars on either side of the curved streams. We have 
certain lines along which the stars are plentifully strewn, while 
the adjacent spaces are relatively vacant. This feature, 
recognisable not only in this case, but in others, and even more 
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markedly in several instances, is one which cannot reasonably 
be ascribed to mere coincidence. Let it be noted, moreover, 
that whatever significance we attach to it, when considering 
the stars of the first five orders of magnitude, must be enhanced 
if, as we proceed, we recognise a similar feature (on a different 
scale, however) among stars of lower orders of magnitude. 
Throughout this paper, I am not presenting a series of con- 
siderations so related one with the other that the failure of one 
destroys the validity of my reasoning ; I am dealing with argu- 
ments which are independent of each other, though severely 
adding to each other’s strength. If some of them fail, my 
case is only jyro tanto weakened ; it is not by any means 
destroyed. 

Before leaving Fig. 1, however, I would invite special attention 
to the manner in which the two star streams are conjoined. We 
see these streams converging upon a single star brighter than 
tliose which form the streams themselves ; and we may also 
trace, not indistinctly, a certain general equality of distribution 
among the stars of the two streams. The former feature is, 
however, the only one I care at present to dwell upon ; and it 
is to this particular arrangement of streams — two or more (but 
usually two) proceeding from a single star — or of branches 
proceeding, as it were, from a single stem, that I have given 
the title of star sprays. In searching among the star-depths 
revealed by telescopes of considerable power, many cases mav 
l>e noticed in which such star sprays exhibit a singidar uniformity 
of structure. The stars of the leading magnitudes are too few 
in number to afford many well-marked instances. I may note, 
however, the arrangement of the stars in Coma Berenices as 
one illustration of this sort ; the stars 7 , 14 and 13, formingthe 
stalk of the spray. Another illustration may be recognised in 
the stars forming the poop of Argo and the hind-quarters of 
(Janis Major, or (to use a more satisfactory way of indicating 
the orbs I refer to) the streams of stars converging on £ and p 
Argus, from f Canis Major and from w Argus. At e Canis 
lilajor there is another subdivision ; one stream of stars passing 
to K Columba*, the other over u and x Puppis to » Argus. 
Tlie streams from the water-can of Aquarius form a more ex- 
tensive, but perhaps less satisfactory, illustration of the same 
peculiarity. 

I need give the less attention to those cases of stream-forma- 
tion which may be recognised among the stars of the first six 
orders inclusive, because I have already discussed the relations 
among the stars, in the second edition of my “ Other Worlds.” 
Of the peculiarities of distributio7i recognisable among the 
stars there dealt with, I may say with confidence that it is 
wholly impossible to regard them as accidental ; they indicate 
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"beyond all possibility of question the existence of some real 
cause which has led to a drifting of the stars towards certain 
regdons. As regards such peculiarities of arrangement as would 
fall more particularly under the head of my present subject, I 
think it is almost equally impossible to feel any doubt. If 
Home of the streams and reticulations which can be recognised 
in the isographic chart added to the second edition, be due t> 
chance distribution, the coincidence is verj’ much more remark- 
able than the theory of star streams which I am at present ad- 
vocating. It is truer to say, however, that the laws of proba- 
l)ility as at present understood will not permit us to regard 
such singular configurations as accidental. 

It would be desirable that we should have equal-surface 
charts of the heavens to include stars down to the seventh, 
eighth, and ninth magnitude severally ; because it is only by 
thus considering the separate stages of space-penetration that we 
can obtain complete recognition of the laws of stellar distribution 
throughout space. We owe, I think, to the elder .Struve the 
first recognition of the importance of such graduated advances 
within the star-depths; though he dwelt rather on the impor- 
tance of star-gauging (and that, also, according to averages) than 
on the value of star-charts capable of revealing to the eye the 
statistics of stellar distribution. It will not be difficult to con- 
struct charts including stars down to the seventh, and eighth, 
and ninth orders of magnitude ; because as soon as the com- 
plete survey of the heavens has been effected after the plan 
already extended by Argelander to the northern hemisphere, 
the charts forming the survey, if carefully dra\vn,* will enable 
us to construct charts of complete hemispheres including stars 
down to the seventh, eighth, and ninth magnitudes severally 
inclusive. 

At present, however, for want of such intermediate charts 
(so to speak) I pass from my equal-surface projection of all the 
stars down to the sixth magnitude inclusive,, to an equal-sur- 
face projection which I have just completed, in which all stai-s 
in Argelander's series of forty northern maps have been marked 
in with careful reference as well to their arrangement as to 
their magnitude. In these forty charts, as many of my readers 

■ It is importfint that the size of the discs used to indicate the several 
magnitudes should remain unchanged during the whole process of engraving, 
and also that the several charts forming the series should be printed with 
exactly the same degree of fulnest. In Argelander’s splendid series of forty 
charts, in which all the northern stars down to the magnitude intermediate 
between the ninth and tenth are included, slight changes have taken place 
during the progress of the work, which creates some degree of doubt as to 
the orders to which the stars belong in some of the charts. 

VOL. X.— NO. XLI. E E 
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are doubtless aware, Argelander has included all stars down to 
magnitude nine and a-half, within ninety-two degrees of nortb 
polar distance — the two degrees south of the equator bein^' 
added in order to facilitate the comparison of the northeni 
atlas with charts forming the southern sur^’ey, one day to be 
completed (it may be hoped) at southern stations. In all tbeic 
are 324,198 stars. All these I have carefully copied in, upon 
a circular chart two feet in diameter, isographically divided 
(in pencil) by radial lines and circles, into spaces extending 
one degree in declination and one degree in right ascension 
for sixty degrees to the north of the equator, the nominal ex- 
tension in K.A. being correspondingly increased with proximity 
to the pole. In fact, all the spaces in Argelander’s series of 
charts (some 26,400 in all) were represented in pencil in my 
projection, before a single star was charted in. Then the stars 
were careAilly copied in, space by space, from Argelander's 
atlas ; at such a rate (on the average), that the whole work of 
charting occupied me about 400 hours.* I do not think that 
the labour was thrown away, when it is remembered that, as a 
result, the statistical distribution of all the stars down to the 
9^th magnitude was presented to the eye. The gauges 
of the Herschels had included in all about 160,000 stars, and 
fStruve, in the elaborate series of inquiries on which he founded 
the theories propounded in his ‘ fitudes d’ Astronomic stellaire,’ 
dealt with about 32,000 stars ; but the labours of Argelander 
enabled me not merely to count, but to delineate, 324,198 stars 
—not merely to draw inferences from statistical enumeration 
as to the real laws of stellar distribution, but to exhibit those 
laws of distribution to the eye. 

Now the first and most important conclusion deduced from 
this process of charting relates to the Milky Way ; and it will 
be well to defer the consideration of that conclusion until I 
come to speak of the Milky Way as itself a vast conglomera- 
tion of star streams and star sprays. 

But another conclusion, not obviously deducible from the 
chart itself, or its photographic reductions, was forced upon me 
in a very marked manner as the work of charting proceeded. 
-\gain and again I had occasion to notice the tendency of the 

* Argelander and bis assistants were engaged no less than seven years 
and one month in completing tlieir magnibcent contribution to uranography. 
The rate at which I copied in the stars was such as to enable me to copy 
carefully within each space on my projection the stars shown in the corres- 
]ionding space in the large atlas. It is worthy of notice that a single second 
of extra time (on the average) per star would have caused an addition of 
ninety hours', or say ten days’, work. The time actually employed on the 
average was slightly less than four and a half seconds per star. 
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Htars to associate themselves into streams and sprays, the star 
sprays being ordinarily of the form illustrated in Fig. 1. It 
’Would be quite impossible for me to convey by means of pictures 
any adequate idea of the persistence with which these peculi- 
arities of structure were renewed, especially in certain parts 
of the chart. Indeed, it wovdd be absolutely necessary to 
include a much larger portion of the heavens than could 
liere be conveniently pictured, to show the most significant 
feature of all, the manner namely in which the sprays are 
divided and sub-divided. 

Now the point to be chiefly noticed here is, that so far as 
« priori considerations are concerned, one would be led to 
expect that no very marked signs of stream-formation would 
I>e shown among stars down nearly to the tenth order of mag- 
nitude. For the further we increase our range of vision, 
the more likely must we be, it would seem, to obtain a 
view in which the actual relations of the stars are confused 
by seeming combinations, due to the accidental agreement, 
in general direction, of star-groups at very diflferent orders of 
distance. For either there is or there is not a general uni- 
formity of star-magnitude (within certain limits). If there 
is such uniformity, so that the fainter stars are in reality as 
large (on the average) as others, but more distant, then it is 
certain that amongst the stars dealt with in Ai’gelander's charts 
there are in all directions stars at very different distances ; stars 
therefore not in reality associated, but which yet, being seen in 
nearly the same direction, are brought into seeming juxtaposition. 
If, on the other hand, there is not among the stars, even in a 
general sense, any approach to uniformity of magnitude, then 
we may be even more completely deceived ; for certain near 
stars which are really very small (relatively) may be brought, 
not merely into seeming juxtaposition with more distant stars, 
but even to a seeming equality of magnitude. 

This being remembered, it was to be expected that tlie 
distribution of the stars included in Argelander’s charts would 
correspond much more closely to a real chance distribution of 
so many points over a hemisphere, than where we considered 
only a comparatively small number of stars belonging to the 
leading orders of magnitude. Moreover, even assuming the 
point which I am now endeavouring to prove, viz., that the 
stars are in many cases arranged into the form of streams and 
sprays, it would yet seem highly probable that all signs of these 
streams and sprays would be obliterated, simply because streams 
and sprays of stars would probably lie at very different distances 
in all directions, and the configuration of the nearer streams 
would l>e blended with and confuse the configuration of the 
more distant. 

B E 2 
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Fig*. 2 and 3 will serve to illustrate my meaning. It is no: | 
difficult to recognise in both these figures the existence of star I 

I — 1 I 

A ptinioQ of ou« ot AigcUndt'F M chnnn, the centre of the bpaoe here shovn 
being n&irlj in 32^° N. Dec., and lOh. 28m. R.A. 

streams and star sprays too well marked to be regarded as due 
to accident ; but yet we are led to suspect that the streams 



Fio. a. 




A lortiou of one of Argelander'a charU, the centre being in abiat 261“ N. Dec., 
and 22h. 8m. R.A. 
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here seen lie at different distances, and that much more clearly 
riAarked streams would be recognised if we could cut off with a 
v'eil all the stars beyond a certain distance, and obliterate alto- 
gether certain of the nearer stars. I would, however, recom- 
inend such of my readers as possess Argelander’s chart to study 
the region around the two spaces pictured in Figs. 2 and 3 ; 
when I think the conviction will be forced upon them that 
there is a much closer connection between the several branches 
of stars seen in those regions than one would have been dis- 
posed to expect among the orders of stars Argelander has in- 
cluded in his charts. 

Many cases occur, however, in which two streams lying at 
different distances appear to cross each other in the chart ; and 
it is a somewhat noteworthy circumstance, that the disposition 
of five nearly equal stars in the form of a cross, thus • ; • which is 
very seldom met with (compared with other simple configura- 
tions) in the complete series of charts, is commonly to be 
noticed where two well-marked streams cross each other. 

The arrangement of the stars in the large chart, as respects 
aggregation in certain regions and segregation from others, is 
sufficiently remarkable ; but I have not space to dwell at length 
here on peculiarities of that description. Some of these pecu- 
liarities are associated with the configuration of the galactic 
stream of stars, presently to be briefly referred to. One, however, 
is so remarkable that I cannot refrain from here calling special 
attention to it. The Milky Way region or zone is shown in the 
chart to be exceptionally rich in stars (as W. Struve judged 
from statistical considerations) ; but instead of that gradual 
tendency to aggregation towards the galactic zone which Struve 
supposed to prevail, there is in many places a sudden change in 
the density of distribution, spaces close by the galaxy being 
relatively poor. But in no instance is this peculiarity so re- 
markably exemplified as in the part of the Milky Way near the 
horns of Taurus. Here we have on one side the rich fields of 
the Hyades and the Pleiades, and on the other rich galactic 
fields— properly so-called ; but between these two rich regions 
we have absolutely the poorest region in the whole of the nor- 
thern heavens.* 

Extending next our range of view so as to reach the stars 
down to tlie thirteenth magnitude inclusive, we have indeed 
less complete surveys to consider, but yet the evidence we 
obtain is sufficiently distinct. The zodiacal zone has been 
closely surveyed by Chacornac, Hind, and others, with the 

This peculiarity did not escape the attention of Argelander, who says r — 
“Die absolut armste Gegend liudet sich aber sonderbnrweise niebt gar weit 
von der Milchstrasse entfernt, an den Uumeru des Stiera.’’ 
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object of 80 mapping down even the fainter stars, that tht 1 
isBteroids which traverse this region may be the more readih 
recognised. In the maps thus constructed, we find star streant 
and star sprays as well marked as in Argelander’s chart. As 
the same general considerations apply in this case, it will 1« 
sufficient for me to invite attention to Figs. 4 and 5 ; but I 
would recommend the student who may possess Chacomac'i 
charts to study carefully the regions which surround the tw« 
spaces pictured in these figures.* 

If we pass on towards yet more remote depths, we still find 
well-marked signs among the stars of a tendency to form 



Fio. 4. 




A portion of onr of ChncomHc'* ecliptic ehAttc. the centre of the space bci* 
shown being in 1° M. Dec., and 23h. 43m. R.A. 

streams and sprays. Sir John Herschel has pictured some very 
singular specimens of such streams, as seen in his eighteen-inch 
reflector during his survey of the southern heavens ; and 
doubtless, could the fields surveyed by the elder and younger 
Herschel be presented in maps, so that several adjacent fields 
could be seen at a single view, many other instances would be 
added to the list. 

It is scarcely necessary to add that the largest telescope ever 
made by man — the great Parsonstown reflector — has revealed 

• There 5* nn interesting quotation at page 207 of Webb's CeleUtal O^rtU, 
in which Fr. Secchi describes the astonishment with which, when studying 
certain galactic regions, he saw spirals and curves of stars so regularly dis- 
posed as to preclude all possibility that chance distribution was in questioo. 
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even in the intricate constitution of the nebulae the existence 
of streams and sprays, sometimes spiral, sometimes but slightly 
curved, sometimes disposed with singular regularity, at others 
extending in irregularly shaped branches, growing gradually 
fainter and fainter until they are at length lost altogether 
either by diffusion or through extreme faintness. 

But it remains to be considered that we have strong evidence 
in favour of the view that the Milky Way itself is but a stream, 
or rather a congeries of streams of stars. The evidence on 
which Sir William Herschel rested his theory that the galaxy 
is of the shape of a cloven flat disc, was abandoned by himself 



Fid. s. 




A poition of one of Chaeornae'e ecliptic charta, the eentn being in 4^° S., and 
2Sh. 26m. B.A. 



during the later years of his career as an observer ; and he 
recognised clearly that some of those rich nodules of the Milky 
Way which can seen in the northern heavens are real aggre- 
gations of stars (not vast depths along which the stars are 
arrayed as in a sort of procession), and that such aggregations 
approach in figure to the spherical form. In the southern 
heavens Sir John Herschel recognised galactic regions to 
which Sir William Herschel’s later mode of reasoning could 
be applied even more convincingly. Now precisely the same 
reasoning by which Sir W. Herschel was led to regard the rich 
clustering regions of the Milky Way in Cygnus as spherical in 
form, seems to show that the well-marked portions of the 
galactic stream are really stream-shaped. And this view of 
the galaxy, which might seem to agree ill with the usual 
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account of this manellous band of stars, accords excellcntJT 
with the description given by Sir John Herschel and other? 
wl)o have most carefully studied the galaxy. More especially 
is it suggested by the aspect of the Milky Way in the southerE 
heavens. For there the continuity of the zone, on which s«:> 
much stress had been laid is shown to be interrupted by a broad 
dark rift, a feature wholly inexplicable on the theory that the 
Milky Way is shaped like a cloven flat disc. And over the 
whole region from Argo, over the feet of the Centaur, to Sagit- 
tarius and Scorpio, the Milky Way as pictured by Sir John 
Herschel presents an appearance far more closely according 
with the theory that the Milky Way in this region forms a 
gigantic spray of stars than with any other that has been pro- 
]x>unded. In the northern heavens, the faintness of the Milky 
Way causes it to appear more uniform in structure ; but even 
in the northern heavens, as has been well pointed out by 
Professor Nichol, it is only on the most cursory examination, or 
when the Milky Way is studied under unfavourable circum- 
stances, that it can be regarded as a simple zone. But it is 
well worthy of notice that in my chart of 324,198 stars, the 
Milky Way reveals itself (through the mere aggregation of 
stars dowu to the 9^th order) as a congeries of streams, with 
branching extensions, of which only the commencement can 
be recognised as more or less marked projections, in the best 
pictures of the northern parts of the Milky Way. 

It remains to l>e noticed, in conclusion, that the nebular 
system also shows the most marked tendency to stream-forma- 
tion when isographically charted, as in the series of charts 
wliich illustrate my paper on the distribution of the nebulte, in 
Vol. xxix. of the Montlily Notices of the Astronomical Society. 
Tlie tendency to stream- format ion is more especially to be 
noticed among the southern nebulae. It is worthy of remark 
tliat, whereas the southern nebular streams converge upon the 
Magellanic Clouds, the northern nebular streams seem to extend 
towards the outlying streams of the Milky Way, as it appears in 
my chart of 324,198 stars. The evidence of a real association 
iKftween stars and nebula? is singularly strengthened by these 
peculiarities of arrangement. 
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POPULAR SCIENCE.* 

I T is wonderful, but still it is not the less true, that scienti6c readers, of 
readers of scientific books, are in a vastly lartrer proportion in the United 
States of America than they are here. It is per.’'ectly amazing to be installed 
into the secrets of some New York publisher, and find that books, of which 
you hardly beard at home, treating on questions of special scientiBc im- 
portance, have had a sale in New Y'ork which is reckoned by thousands. 
Still, England is the producer, if she be not the reader, of scientific books; 
and in no instance is this fact more fully or admirably illustrated than in 
the case of the work under notice. Mr. Proctor is one of our best scientific 
writers, as perhaps many of the readers of this journal are aware already, 
but he is not only so in a truly scientific sense : he is not only thoroughly 
and remarkably accurate, but he possesses in a very marked degree that 
e.xcellence and purity of style which are at once so attractive to the general 
reader, and so rarely met with in the scientific world. In the book now 
under notice, the reader, accustomed to Mr. Proctor's contributions to these 
pages, will be surprised to find that the writer has not confined his attention 
t') purely astronomical subjects, but that physical geography, zoology, 
geology, physics, and physiology have each and all formed subjects of careful 
and advanced reading by the author. And we say this, not out of an 
empty desire to compliment an author who has been a contributor to our 
page.., but from the fact that many of the contributions, though written for 
some daily or other journal originally, bear on them the stamp of original 
thought and pure reflection. They are not essays such as we too frequently 
find in our jounials, sparkling with bright writing, but devoid of anything 
like careful thought and reflection — productions which will not bear a 
moment’s thought or reflection from the reader who is versed in hik 
subject Far from it, indeed. In some instances we have wondered to 
find them so very learned ; and we have been surprised that so prolific a 
writer on astronomical subjects should have either the time or the inclina- 
tion to go so fully into questions which have no real bearing upon the 
series of matters which he is engaged in studying. Of the truth of this 

• * “ Light Science for Leisure Hours. A Series of Familiar Essays on 
Scientific Subjects, Natural Phenomena, etc. etc."’ By Richard A. Proctor, 
B.A., F.R.A.S. London: Lcngmans, 1871. . 



Digitized by Google 




414 



rOPOLAR SCIEKCB REVIEW. 



•V9 could not have a better inatance then that aSbrded bj Mr. Darwin, is 
quoting from the article on “ Death-Rate,” in bis last work on “ The 
Descent of Man,” and in mentioning Dr. Farr's special opinion as to the 
qualitj of the paper quoted from. Of the numerous chaptem in the woik 
it is impossible for us to speak specially : suffice it to state the subjects 
of a few. Thus we bare ” Strange Discoveries respecting the Aurora," 
” Our Chief Time-piece Losing Time,” “ Recent Solar Researches,” “ Secret 
of the North Pole,” “ A ‘ Great Udal Wave,” “Deep-Sea Dredgings,” 
“ Tunnel through Mont Cenia,” “ Earthquake 'in Peru,” “ A Shower of 
Snow Crystals,” “ Influence of Marriage on the Death-Rate,” “ The Safety 
Lamp,” “ Photographic Ghosts,” “ Belting on Horse Races,” “Squaring the 
Circle," and a new theory of “ Achilles’ Shield.” These are but a few of 
many articles, but they strike us as among the most important. Sspecially 
interesting, however, of all these is the paper on “ Our Chief Time-piece 
Losing Time.” This is both a remarkable luid an interesting article. It 
relates to the fact that the motion of the earth is gradually altering, so 
slowly of course that it is almost imperceptible, but still decidedly. This 
change relates to the form of the earth's orbit, which, with regard to the 
motion of the moon, is decidedly undergoing a change. Of course this is 
an alteration of not the least importance in a practical point of view; but 
it is one which is of importance astronomically, and which is most mar- 
vellous as illustrative of the wonderful accuracy of modern research. 
“Suppose,” says Mr. Proctor, “that, just in front of our mix>n a false 
moon, exactly equal to ours in size and appearance, were to set oiT with a 
motion corresponding to the present motion of the moon, save only in one 
respect, namely — that the false moon's motion should not be subject to the 
change we are considering, termed the ncceleratim. Then one hundred years 
would elapse before our moon would fairly begin to show in advance.. She 
would in that time have brought only one one-hundred-and-fiflieth part 
of her breadth from behind the false moon. At the end of another centuiy 
she would have gained four times as much ; at the end of a third, nine 
times as much ; and so on. She would not fairly have cleared her own 
breadth in less than twelve hundred years. But the lehok of this gain, 
minute as it is, is not left unaccounted for by our modem astronomical 
theories. Half the gtun is explained, the other half remains to be inters 
preted; in other words, the moon traceh farther hy about half her otcn 
breadth in twdoe centttriee than the should do according to the lunar theory.” 
But what, we may ask, is the cause of this singular retardation, if so it 
be, of tbe earth’s rotation-movement f The cause would appear to be, 
according to Mr. Proctor, the movement of the tides. And a little reflec- 
tion will serve to convince anyone who doubts it that here is an expenditure 
of a very considerable degree of power, of indeed in some cases an enor- 
mous degree of almost unassailable force. Now where, asks Mr. Proctor, 
does this force come from P “ Motion being the great ‘ force-measurer,' 
what motion sufTera that tbe tides may work? We may,” he thinks, 
“ securely reply that the only motion which can supply the requisite force 
is the earth’s motion of rotation.” Therefore, he says, it is no idle dream, 
but a matter of absolute certmnty that, though slowly, still very surely, 
our terrestrial globe is losing its rotation-movement. Other chapters in the 



Digitized by Google 




BETIEWS. 



415 



aatbor’8 book are not leM intemting than tbnt from vbicb we have 
quoted, but our limited apace forbida our entering upon them. Tbe book 
is full of instructive reading, and is witbal a most attractive volume. 



■ TERRESTRIAL MAGNETISM.* 

W HATEVER may bo thought of this author's views by physicists com- 
petent to follow him through a difficult line of argument in a subject 
where few ordinary persons are qualified fur the task, there can be little 
doubt, we think, that he has performed his task ably. So far as we have 
examined his views, they are throughout fortified by an amount of learning 
and patience in investigation which might have made the author sufficiently 
courageous to have appended his name. And we think so all the more 
because we know how important is a name in making a book be read end 
carefully attended to. Of course, if the author bore a name unadorned or 
at least undistinguished in physics, it would be a different affair. It would 
cause bis book to convince some persons of the error of his views. But 
really we do not think that this is tbe case. To us the author of the boiik 
appears, as no doubt he is, as a writer to whom physics has been a subject 
of careful and prolonged study, and who has by this time obtained dis- 
tinction in his subject. However, be that as it may, there is no doubt 
that the theory he puts forward is modestly set forth and is further sup- 
ported by a multitude of facts in the science of physic.". It will of course 
yet remain undecided ns to how our earth became originally magnetised ; 
but, granting its magnetisation, we think it is much more coincident with 
facts as they are to suppose a condition of electricity intervening between 
the earth and tbe sun, and that this is the parent of the earth’s magnetism, 
than that the latter should be derived from any kindred condition in tbe 
sun itself. Indeed, the author's illustration of the position of the earth 
in regard to the sun and tbe impossibility of its poles corresponding to 
the two of the earth, appears to us adequately clear. In fact, it seems 
probable, from analogy, that if the two poles should act on one of the 
earth's, they would thus destroy each other. Further, as tbe author has 
shown (and this seems to us to be a more powerful argtunent), tbe motion 
of the sun round its own axis should pr^uce profound changes in tbe 
magnetisation of the earth every twelve-and-a-haif days, or half the sun's 
own period of rotation. This and other facts which he adduces sufficiently, 
we think, disprove the view of the sun’s direct activity as a magnetiser. 
In the further elaboration of his views we shall not follow tbe author. 
Nor do we desire to express any opinion on their accuracy or force. The 
Subject is one which can only be followed out by an experienced physicist, 
and by him only with considerable time at his disposal. Tbe book is well 
got up, and contains abundant maps and plans illustrating the variations 



* “A Treatise on Terrestrial Magnetism,” Edinburgh:. 'VS'illiam Black- 
wood, 1 871. 
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of the magnetie needle, et hoc genut onute. Altogether, the work i* one 
which, for an anonymous contribution, we have to speak of in terms of high 
praise. We commend it to the consideration of our phraical readers. It 
is well worthy their perusal. 



ON SPONTANEOUS GENERATION.* 

Tl^E bad almost thought that defenders of spontaneous generation were 
• * extinct. Of course we always except M. Pouchet, of France ; but 
late years be has done so litile in this direction that be almost may be con- 
sidered to have given up the battle, not convinced, of course, of the error of 
bi.s ways, but believing rather in the unwisdom of bis opponents, and espe- 
cially of M. Pasteur. Rut during the past two or three years an English 
champion for this peculiar dnctrme has sprung up, and, so far as we can see, 
he is a more foriiiidahle supporter of the doctrine than even Pouchet 
himself. It is neces.“ary in cases of controversy on a scientific subject to 
I'sik to the men holding the oppa*ite sides ; and when we do so in this in- 
stance, we see a formidable array of authorities going in against the author 
of the present volume. For example, we have in the first ranks of upp>- 
nents Professor Huxley, who goes in strongly and determinatoly against the 
dix-trine. Yet, strange to say. Professor Huxley would be, we should think, 
one of the first to admit that this process must have been at one time a dis- 
tinct operation ; fur it is only by it that men of bis school can suppose the 
origin of organic beings on the earth, unless indeed they take Professor .Sir 
W. Thompson's rather singular aerolitic theory into consideration — an 
hypothesis wliich, after all, only pushes the difficulty back a little farther 
than it was before. Well, then, we have Professor Huxley distinctly in 
opposition to the doctrine ; and this alone is veiy seriously against it, for 
Profes.'or Huxley is not one who takes up an hypothesis without due con- 
sideration. If he has gone in against spontaneous generation, it is only after 
giving mature consideration to those experiments which have been recorded 
in its favour. He is, therefore, a tremendous opponent. Still, we must 
remember, on the other side is l*rofessor Owen, who in his last volume goes 
in strongly and decidedly in favour of spontaneous generation. Retwcen 
two such opponents, what is one to do? Clearly, authority is of no mo- 
ment ; for if Professor Huxley does not believe without careful investiga- 
tion, surely we cnmiot accuse l’rofe.s8or Owen, the greatest worker in com- 
parative anatomy which the world has ever produced, of carelessness or 
want of consideration in the belief which be so strenuously expresses. 

But really it is almost impossible to decide the question at the pre<eDt 
moment. And we think that before further investigations are made, it 
would be well to have some researches exactly carried out into the tempe* 
rature which some of the lowest organisms will tolerate without perish- 

* “ The Modes of Origin of lajwest Organisms ; including a Discussion of 
the Experiments of M. Pasteur, and a Reply to some Statements of Profe-sors 
Huxley and Tyndall.'’ By H. Charlton Bastiim, M.A.^ M.D., F.ltS, 
Loudon : Macmillan & Co., *1871. r 
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ing altogether, and into the queetion of when they are to be considered 
living or dead ; for it is really on this point of temperature that most of the 
experiments are based. From a careful examination of Dr. B.vitian'8 most 
interesting work, which contains a host of researches, we are much disposed 
to agree with him in his supposition that the process which he advocates is 
not only likely, hut actually ta'res place. At the same time, we confess 
that there are obvious faults in the line of reasoning which Dr. Dastiau 
pursues. He does not seem to us to have determined with sufficient clear- 
ness that the heat to which he exposed certain of his solutions was amply 
adequate to kill the genus which he caused to undergo their development. 
If this be so, it is clear that he has the mo.<t of the argument with Professor 
Huxley. It seems to us that he is right; hut clearly, as the argument 
stands, Professor Huxley has the best of it. In some of his experiments 
Dr. Bastian does not appear to us to have been adequately careful. See, 
for instance, when he says (p. 63), “ On the other hand, if the turnip solu- 
tion be neutralised by the addition of a little ammonic carbonate, or 
liquor potassiB ; or, better still, if even lutlf a grain of netc cheese (the 
italics are ours) be added to the infusion before it is boiled, then I have 
found that the fluid speedily becomes turbid, owing to the appearance of 
multitudes of Bacteria. In an infusion to which a fragment of cheese had 
been added I have seen a pellicle form in three days, which, on microscopic 
examination, proved to be composed of an aggregation of Bacteria, Vibriones, 
and Lepluthrir filaments.” Surely, it must occur to Dr. Bastian that the 
cheese which he introduced must have contained the parents of the bacteria 
produced, and that probably his boiling the liquor was not sufficient to 
destroy the life of their organisms. In any case, this, which is in some 
respects a type of the author’s experiments, would not be sufficient to satisfy 
those who are sceptical upon the subject. We trust, therefore, that in the 
work which Dr. Bastian promisee us on the subject more satisfactory in- 
vestigations will be found. The present work is most interesting ; but, as an 
argumentative one, it is not sufficiently conclusive. 



NATURAL PI1IIX)S0PHY.» 

r is, to a certain extent, unfortunate — we mean, of course, for the pub- 
lishers — that there should be at the same time two scries of works 
of the same kind for the use of students. Messrs. Longmans are issuing a 
series of excellent and cheap manuals upon the different branches of science, 
and almost at the same time the Messrs. Groombridge are adverti.sing for 
sale a set of works, nearly of the same class, and appealing to exactly the 
same people. The present work is one of the Natural Philosophy Series, and 
is in every respect, so far as we have seen, an excellent manual. Its phy- 
sical features, size, type, and illustrations are all excellent, and the general 



• “ A Course of Natural Philosophy, containing the Elements of Me- 
chanics. Hydrostatics, and Optics, for Schools, &c.” By Richard Wormell, 
MA., B.Sc. London : Groombridge, 1871, 
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character of the work is rerr good. Of coarse, the subjeeta su« all treated 
ia the most elemcntaiy style ; but we doubt not that, so far as it ie ii>- 
tended, as the author implies, for matriculation examination of the London 
University, it is amply sufficient for its purpose. According to the author, 
it is introductory to his previous work for the subsequent ezaminatioos of 
the London University, while it follows the same form and order, so that 
students, in pursuing subjects further, will be able easily to connect what 
they have to learn with what they have already learnt. At the same time, 
the author states that the boob '* by no means represents the narrowest view 
which may be taken of the curriculum of the London University, bat wilL 
it is hoped, be found useful in schools generally, as containing a systematic 
explanation of the more elementary principles of this branch of lustural 
philosophy.” We notice that each chapter is succeeded by a long series of 
questions, which takes the pupil through examples of all he has been 
studying. In most instances these questions are followed by the answers. 
In some they are not, thus leaving a certain amount within the range of tbe 
student's knowledge. So far as we have seen, it is in all respects a clear 
and good manuaL 



PLANT-FOOD.* 

T HIS book, the author tells us frankly, lays no claim to originality. We 
are glad to hear it, for assuredly if it was not distinctly stated in the 
preface, we should have taken the author somewhat to task for his labours. 
But now the question comes, if there is no originality in the work, why was 
it published ? To this we have no answer in the author’s prefatorial 
remarks, and we are unable to guess anything in tbe shape of a reply our- 
selves. The book is essentially a made-up one; and is, in addition, spread 
over about double the quantity of space that is requisite. We do not well 
know what to say about such works. They are really without any distinct 
value, and usually — and indeed the present is no exception — they put in a 
very unsatisfactory and abstractive sort of way, what is much better put, if 
a little more lengthily, in a more important treatise on the subject For 
e.xample, when we have in English such a splendid treatise as the ‘‘ Natural 
I.AW8 of Husbandry,” by Liebig, it is more than absurd to issue such a 
rudimentary incomplete work as that which Mr. Grundy has offered to the 
public. Of course it must be said that throughout his pages there is no 
symptom of grave error; the book ia accurate so far as we have seen. But 
the idea of publisliiug such a rudimentary kind of book in the language 
which contains Liebig’s splendid treatise, looks to our mind as a great weak- 
ness on the author’s part. Such books can do little or no good ; and, except 
that they gratify their author, we are ignorant of any service they can be 
capable of offering. 



• “Notes on the Food of Plants.” By Cuthbert C. Grundy, F.C.S. 
London ; iSimpkin & Marshall, lej”!. 
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DESCHANEL'S NATURAL PHILOSOPHY.* 

P ROFESSOR EVERETT has done well to reproduce this volume from 
the French. Whatever the reader may think of bis former attempt in 
the same direction, that is, however unsatisfactory be may deem it, he must 
be satisfied with the translation of the volume by Professor Deschanel'on 
Heat. In the present work, however, we find that besides the author's 
labours bein^r particularly good, the editor has laboured equally well, and 
has added a great deal so as to make the book a really good one on the sub> 
ject of beat, and to leave in the student’s hands a volume which be may 
read with satisfaction and profit. It must not be supposed from these re- 
marks that the work is of a very advanced character, for it is not. But it 
bears evidence of being an exact treatise ; and it contains abundance of 
matter, quite sufficient for the “ medical ” student or the first-year's-man in 
“ .\rts.” The subject of the volume is Heat ; and this is dealt with very fully, 
the chapter on Thermodynamics and large portions of the chapters on Con- 
duction and on Terrestrial Temperatures being the work of the editor. The 
nomenclature of units of heat is borrowed from Professor G. C. Foster’s 
article on Heat in Watts’s “ Dictionary of Chemistry,” and several other 
shorter portions of the English edition have been added by the editor. 
For instance, the chapter on the motion of glaciers, where he adopts Forbes’s 
views in preference to Tyndall’s. This adoption of Forbes’s theories is not 
usual, but we think it right ; we fancy from Forbes’s work upon the subject 
that he most conclusively proves the force of his ideas. On the whole, the 
book is a very good one, and we have much pleasure in recommending it. 



BRITISH FUNGI.t 

O F all the departments of Botany we fancy that that of the Fungi has 
been the least studied by the amateur, and, doubtless, the reason has 
been the absence of a suitable manual wherein the student could find every 
species which he was likely to meet. However, this need no longer exist, 
for Mr. M. C. Cooke, M.A., has supplied a work which will long outlive 
him, and which must for many years be regarded as the standard instructor 
on the subject. He has given us, in two volumes of more than 900 pages 
and with more than 400 well-devised woodcuts, an admirable account of all 
the British Fungi. It is true, as he himself admits, that in many cases 
the American distribution is imperfectly given, but this is a very small 
defect, if it be one at all, in such an admirable work. We think, too, that 
considerable praise is due to Mr. Macmillan for the admirable manner 



• “ Elementary Treatise on Natural Philosophy." By P. Deschanel. 
Translated and Edited by J. D. Everett, M.A.. U.C.L., Professor of Natural 
Philosophy in Queen’s College, B-=lfast. lyondon : Blackie, 1871. 

t “ Handbook of British Fungi.” With full de.scriptions of all the 
species and illustrations of the genera. By M. C. Cooke, M.A. London : 
Macmillan & Co., 1871. 
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in which he has tu^ne^ out the work, in every particular with which tb« 
publisher has to do. The volumes are such as to uphold the hi^rhest crwiii 
of the house that issues them. When wo consider the fact that no book has 
been published on this subject for the last thirty-five years, we can ima^rint 
what a labour Mr. Cooke’s has been ; and when further we know that hi* 
volumes and illustrations have both far exceeded the mark which wu 
originally fixed, we may form some idea of the absorbing nature of his work 
in producing them. The review of such a book is a task only for tbs 
botanist who has devoted a lifetime to the study, and he after all would 
be biassed in his selection of some particular mode of division. To ourselte* 
the book seems admirably arranired, and the classification adopted parti- 
cularly clear. Besides, with the help of the engravings, no one need — with 
a little caution — make any mistake in diagnosis. Fungi generally, or 
Sporifera, those plants which have the spores naked and wdth which the 
present work is especially connected, are divided by Mr. Cooke into Hi/mfno- 
mycetet, GatUromycetet, Coniomycetet, and Hyphomyctiet. With these four 
divisions his books are especially connected, of which the first of course 
occupies the greater part of volume one ; the others dividing the rest of thr 
book between them. So far as we have seen, the arrangement is usually 
simple, so many characters being employed as are absolutely necessary and 
no further, and thus the definition of any particular species, more especially 
of the Ilymenomycelet, becomes a task of no great difficulty. The whole book 
is one, therefore, which we can in the highest degree speak well of; and 
while we beg to return our thanks to Mr. Cooke for the excellence of bit 
labours, we cannot but recommend those of our readers who are interested 
in the study of Fungi, to purchase the volumes for themselves. 



PIANE AND SOLID GEOMETRY.* 



M r. H. W. WATSON has been selected as the author of Messrs. Long- 
mans' “ Manual of Geometry," and we think the selection has been 
extremely well made. Although in this little treatise before us there is not 
much that is not to be foimd in the work of Messrs. Ronche and Comber- 
ousse, there are in many instances detailed and important alterations which 
we fancy are to the reader’s advantage. We notice as especially deeerving 
attention, that a certain alteration has been made in the non-adoption is 
some instances of the syllogistic method. We think that when these changes 
have been made the author has shown considerable caution, and has not 
altered more than is absolutely necessary. Altogether, we consider the 
present work is every way as good as those in the same series which have 
gone before it. 

* “The Elements of Plane and Solid Geometry," By H. W. Watson, 
M-A. London: Longmans, 1871. 
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A NEW VIEW OF CAUSATION.* 

H ere m a Uttle book by a Loodoa author, which may be read with 
advantage by those who are interested in philosophic treatises on the 
origin of things generally. It is, we think, tolerably clearly written, but it 
-would have been better had the author given us a little more of himself and 
« little leas of other authors. As it is, he occupies but a very small portion 
of a very small book, of about 150 exceedingly small page.*, in excessively 
large type. Ilis views are in most instances correct, and he aims at a proper 
ni<}de of forming opinions. 



DARWINISM REFUTED.! 

'T'^E call attention to this very little book because it is one of the briefest, 
' ' shallowest, and most ignorant treatises we have ever seen upon the 
eubject. The author does not clearly understand the hypotheses of Mr. Darwin ; 
and his ignorance of contemporary work is something very lamentable in one 
who proposes to write upon so important a subject as that which he has 
taken up. The mere statement that Sir Charles Lyell is opposed to Dar- 
winism, is sufficient to show how conversant the author is with recent 
scientific labours. This book is a most ignorant and worthless production. 



THE S.M1TI1SON1AN REPORT.! 

T IIl.S Report for 18C0 has just been published, and has the year 1871 upon 
its title-page. It contains, besides the monetary and other reports 
■which are only of local interest, a number of very valuable papers, transla- 
tions. Ac. Among them may bo specially mentioned Sir John Lubbock’s 
Liverpool address on the “ Lower Races of Man,’’ Professor Huxley's 
splendid essay on the “ I’riiiciples and .Methods of Palmontology,” which 
appeared in 18C5 in a Catalogue of the Museum of Practical Geology, and 
M. Marey's splendid monograph, with over thirty engravings, and occupying 
nearly fifty pages of this work. There are several other important papers, 
which render this volume one of the best contributions to science which are 
issued during the year in America. 



• “ A New View of Causation.” Bv T. S. Barrett. London : Provost 
& Co., 1871. 

t “ Darwinism Refuted : an Essay on Mr. Darwin's Theory of the 

Descent of Man.” By S. II. Laing. London: Elliot Stock. 1871* 

X “ Annual Report of ths Boa^ of Regents of the Smithsonian Institu- 
tion,” for the year 1809. Washington : Government Printing Utlice, 1871. 
VOL. X. — "NO. .xLi. r r 
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SHORT NOTICES. 

An Elementary Course of Theoretical and applied Mechanics, bj 
Richard Wormell, M.A., B.&. 2nd edition. London: Groombridge, 1871. 
This is the second edition of a work which we fancy we have had before 
under our notice. It is one of Messrs. Groombridge’s series of educational 
manuals, and is a very good book of its kind. This, the second edition, 
contains some things not in the first one, and is altogether an improve- 
ment on it. 

rre/iminary Report on the Vertebrata discovered in the Port-Kennedy Bone 
Cave, by Professor C. D. Cope. This is a reprint, for private circulation, of 
a paper read by the Professor before the American Philosophical Society in 
April last. It deals very ably and minutely, as might be expected of its 
author, with the animals found in a fissure of the Potsdam limestone. The 
paper describes the several species, and concludes with some very curious 
observations on the former connection of the American and Asian continents. 

The Great 1‘yramid of Jizeh ; Plan and Object of its Construction. Cin- 
cinnati : Clark & Co., 1871. This is a curious pamphlet, which bears no 
author's name. Still the author has evidently read some of the works upon 
the subject ; mainly, that by I’rofessor Piazzi Smyth. He regards the I’yramid 
as a standard of measure ; and gives numerous illustrations in proof of its 
being so. 

A Key to the Natural Orders of Wiki Flotceriny J’tants, by Thomas 
Baxter, F.G.S. London: Simpkin & Marshall, 1871. This is a series of 
tables for the purpose of teaching botany to beginners. The author fancies 
it has certain features of simplicity; but for our part, we fail to see in what 
it is simpler than a good elementary treatise, such as Bentham’s, for instance. 

On the Cause of Rain Stonns, the Aurora, and Terrestrial Magnetism, by 
G. A. Rowell. London : Williams & Norgate, 1871. This is a reprint 
of some old papers on a subject of considerable importance. They are 
written by an amateur; but, nevertheless, we think them worthy of a 
favourable opinion. We commend them, therefore, to the notice of our 
readers. 

The Natural History of the British Diatomaceee, by L. Scott Donkin, M.D. 
London: Van Voorst, 1871. Part II. The second part of this work has 
appeared at last, and without an apology for the delay, or a promise of 
better things in future. It deals with about forty specimens. The plates 
are only four in number, and we must say they are simply abominable. It 
is not at all to Mr. Van Voorst's credit, he who has published so many 
splendid natural history works, that this volume should be issued in its pre- 
sent form. 

George W. Childs: a Biographical Sketch, by James Partin. Phila- 
delphia : Collins. An interesting but brief sketch of a remarkable man. 

Digitalis and Heart Disease, by Balthazar W. Foster, M.D., Professor of 
Medicine in Queen’s College, Birmingham, and Physician to the Queen's 
Hospital. This is a pamphlet which is most creditable to its author. It is 
not of any great length, but it is carefully put together, and displays con- 
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siderable experience of cardUc disease. We cannot discover from what it is 
reprinted. Mavhap it is an original essay. 

The Triumph of Evolution, and other Poemt, by Joseph Merrin. London : 
Longmans, 1871. The title sufficiently conveys what this work is about. 
We pass no opinion upon it. 

A complete Course of ProUemt in Practical Plane Geometry, by J. W. 
Palliser. London; Simpkin & Marshall, 1871. The lecturer on geo- 
metrical drawing at the Leeds School of Art and Science has here given 
what appears to be a useful work. It is accompanied by no less than 260 
diagrams ; and so far as we have seen, it is simple enough, provided the 
student goes on step by step through its pages. We think Mr. I’alliser has 
done well to produce it. We fancy he has supplied a want much felt. 



F r 
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ASTKOXOMY. 

fpHE EcUpte of Dettnilter 12, 1871. — This eclipse will probably be weU 
observed. \Ve have alreadv spoken of the track of the moon’s shadow, 
but when our last Summary appeared it waa not considered likely that an 
expedition would be sent out from England to take any part in the work 
of observation. .Application has been made, however, to Government, and 
tile snni of 2,00(V. has been granted, ns well ns transport and the mean? of 
t amping, ic.. for an English expedition to Ceylon. As a strong observing 
party will proceed from Sydney and Melbourne to the stations in northern 
Australia, while the Dutch Government will probably garrison suitable 
observing stations in Java, there is abundant reason for believing that the 
eclipse will be well observed. Observations in India will probably be 
superintended by Mr. I’osson (the Government astronomer at Madras), 
Colonel Tennant, and Lieutenant Herschel. It is hoped that Mr. Lockrer 
will be able to head the expedition to Ceylon. At the present time it is. 
indeed, understood that he will do so, in accordance with the request of the 
Astronomical Society (who have felt it incumbent upon them, we under- 
stand), to urge that one or other of our principal solar spectroecopifis 
should take charge of the English expedition ; but we can regard nothing as 
definitely settled at this moment. It is hoped that M. Janssen may be 
able to go to Java. We remind our readers that in North .Australia the 
totality will last 4 m. 18 sec., or 2 m. longer than at the be.it stations last 
Decembt'r. In Java the duration will be leas, and further west in Ceylon the 
duration will be only a few seconds longer than in last year’s eclipse. .A 
slight mistake has been made on this point, however. Mr. Hind, in his 
first and comparatively rough account of the eclipse, had marked the 
shadow track as barely extending to Trincomalee. He now so places Trin- 
conislee, with reference to the track of shadow, that he estimates the 
duration of totality there at 2 m. 30 sec. ; and it has l>een inferred that, 
since this is the case with a town on the border of the shadow track, place.* 
in Ceylon near the middle of the track will have longer totality. But, as s 
matter of fiwt, Trincomalee is now shown to lie very near to the middle of 
the shadow's path. However, there can be no doubt that, with suitable 
obsening weather, stations in Ceylon will have a considerable advantage 
over the best stations for observing last year's eclipse. 

As to the observations which are to be made or which require to be 
made, we have n few remarks to make. Photography is to be applied again, 
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but under conditions which promise better success than has hitherto been 
obtained. In particular, advantage is to be taken of the experience acquired 
by Mr. Brothers last year. Mr. Brothers, it may be remembered, adopted a 
new method of photographing the corona, making use of an ordinary 
photographic lens of long focus instead of a telescope. Notwithstanding very 
unfavourable weather, the eclipsed sun having been clouded over until within 
a few seconds of the end of totality, Mr. Brothers succeeded, as we know, in 
picturing the corona “ as it was never seen on glass before.” It is not to be 
wondered at, therefore, that it has been decided to employ the same method 
on the present occasion. The proposed spectroscopic observations are also 
promising. Two excellent C-inch refractors are to be mounted on the same 
equatorial stand, one at each end of the declination axis; so that, while 
one observer studies the aspect of a portion of the corona through one tele- 
scope, another may study the spectrum of the same portion through the 
other. This contrivance has been suggested by I)r. Huggins, and appears 
well calculated to remove the doubts which have hitherto rested on the 
subject of those spectroscopic observations which have been guided merely 
by means of the ordinary tinder. Mr. Lockyer has made suggestions, among 
which the following may be noticed. “ At each place,” he says (Le. India, 
Ceylon, and .Vustralia ), “ the spectroscopes should be employed for half-an- 
hour (to be on the safe side) before totality, in scrutinising the crescent at 
its narrowest place, and the chromatosphere outside the following limb of 
the moon. At each place, as before defined, there should be a spectroscope 
with a finder and equatorial motion (or some equivalent aiTongement) 
directed to the sun’s centre, to record any changes which take place in the 
spectrum from, say, half-an-hour before to balf-an-hour after totality, and 
also daring totality, bien entendu. The relative darkness or brightness of the 
lines should be recorded every ten seconds. The spectroscope should have 
moderate dispersion, large object-glasses for collimator and telescope, and with 
focal length such that two or three degrees round the sun should be take \ 
in (i.e. 1“ or 1^° from the sun's centre), and a large field.”. . . 

Coming to the detiuls of the expedition to Ceylon, Mr. Lockyer expresses 
the opinion that it need not exceed the following numbers : — 

1 telescope-spectroscopic observer ; 2 assistants. 

1 photographer ; 2 assistants. * 

1 spectroscopic observer ; 1 assistant. 

Or 8 in all. 

To one suggestion of Mr. Lockyer's we are compelled to take grave ex- 
ception. He notes, among observations which he regards as comparatively 
unimportant, ” sketching anything but the thnnget in the corona.” It appears 
to us, on the contrary, that the changes in the corona are precisely the 
phenomena which are, in the first place, most ditiicult to delineate ; and, in 



* Mr. Lockyer remarks that, in his opinion, this duty may prbaps be 
entrusted to skilled sappers. But the history of all the recent eclipses shows 
that, of all the departments, the photographic is the one which requires to 
be entrusted to the most skilful hands. Very useful spectroscopic work has 
been done with very little preceding practice ; but no good photographic work 
has yet been done save by experts. 
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tbe second, the leaet likelj to ptOTe instraetiTe. We know as a matter d 
fact that, during the totality, and more eapedall^ at the beginnhir 
and end of totality, a yariety of strangely changeful phenomena, result- 
ing from the yarying illaminstion of our atmosphere by the prouii- 
nenrea, sierra, and the really aolar portion of the corona, may always h> 
noted. It would be a problem of extreme difficulty to determine the predsr 
way in which these yariationa are caused ; but there can be very litti! 
question that they are chiefly due to the yarying amount of illmninatk-t 
just referred to, and to the rapid changes of temperature resulting from tk 
passage of the moon-shadow athwart the upper regions of the air. To pat 
special attention to such changes is a course admirably calculated, perhaps, 
to throw light on meteorological questions ; but it does not seem to promist 
any new inl'ormation respecting the real solar corona. The most ralnabl'e 
information respecting this remarkahle appendage of our sun would un- 
questionably be gained if one obseryer, not auflering bis attention to be dis- 
tracted by the wonderful spectacle produced by the changing- illumination 
of tbe upper air, could discriminate between the changeful phenomena of 
the eclipse and those features of the corona whose tixity pronounces them 
to be true solar phenomena. 

Detection of the Annual Parallax of a P'anetartf Xebula. — Mr. Gill, of 
•Vberdeen, well known as a careful obseryer, and as haying executed some 
supcessful photographs of the moon, aimounced at the recent meeting of the 
llritish Association that he had detected a parallax of nearly two eeconds in 
the case of the planetary nebula 37 H. iv., close by the pole of the ecliptic. 
He is desirous, howeyer, of continuing his observations for yet another year 
before deflnitiyely announcing that the nebula has this large parallax. Should 
this result be confirmed, it would follow that this nebula is nearer to ns than 
any of tbe fixed stars, or at least than any fixed star whose parallax has 
hitherto been meaaured. The result would be interesting, as confirming 
those doubts which baye recently been expressed respecting the vast dis- 
tances at which nebula have been long supposed to lie. It must not be for- 
gotten, however, that Sir William Ilerschel, by whose observations these 
vast distances have been supposed to be established, was himself tbe first to 
express doubts on the subject. The planetary nebul*, in particular, were 
among the objects which ho judged, during the latter part of his career as 
an observer, to be much nearer than he had imagined when he enunciated 
his earlier but better-known theories. It is somewhat singular that the 
particular nebula which haa thus been the first to reward the search for 
nebular parallax, was the first nebula which Dr. Huggins found to be gaseous. 

A somewhat remarkable comment is reported to have been made by 
Professor Tait uponJMr. Gill’s paper. That eminent mathematician re- 
marked, according to the report, that Mr. Gill’s observation, if established, 
would tend to overthrow the theory now universally accepted among astro- 
nomers respecting nebulae, — to vrit, “ that nebulas are the moving matter of 
stars ; showers of stones, Sir W. Thomson would" call them, at inconceivably 
vast distances.” We had never heard that this theory had even been enun- 
ciated among astronomers, though we have had through our hands the pro- 
ceedings of all the principal astronomical societies of Europe and America, 
and all tbe most important treatises on astronomy which have been pub- 
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lished during the last ten years. Surely, either Professor Tail or the 
reporters must have made some mistake. 

Further Obacrvaiiom of ij Argu* and the Surrounding yebula. — Mr. 
Abbott submitted, two years ago, pictures of this interesting nebula to the 
Royal Astronomical Society, which seemed to show that the nebula had 
undergone important changes. He now sends a third picture, accompanied 
by comments on the criticisms to which his former paper was exposed. His 
first attack falls on Mr. Proctor, who, in an article in “ Fraser's Magazine ” 
for December 1868 (presenting Mr. Abbott's work in a very favourable 
light), had ventured to express doubts whether the stars in Mr. .Vbbott’s 
drawing of 1868 had been actually copied from the view given by the tele- 
scope, &c. Mr. Abbott says that all his drawings “ were carefully copied 
from the object as described in the ‘ Astronomical Register’ for January 
18C9 and he adds that “ there is little doubt but that Mr. Proctor's views 
on the subject would bo very much enlarged, if he had the opportunity of 
seeing the star and nebula as they appear at Hobart Town.” Commenting 
on Mr. .Vbbott's letter, Sir John Herschel, who had been the 6rst to express 
doubts as to the placing of the stars in Mr. Abbott's drawings, remarked 
that there was not one among all the stars delineated which he could 
identify with any of those laid down in his own drawings and catalogued 
positions. “ The most superficial inspection suffices to show that there is no 
correspondence between us ; and that Mr. Abbott's field of view of 1° 8' in 
diameter differs as completely from a similar field in my monograph, having 
Tj Argus near the centre, ns if the telescope had been directed to quite a 
different part of the heavens. . . . This would, however, be of little 
moment, were it permitted to suppose that attention had been given only to 
the delineation of the nebula, and that the stars had been put down at 
random, or with little regard to their real configurations. Mr. Abbott, 
however, in the paper which accompanies his diagram, distinctly repudiates 
this supposition, and insists on the correctness of his representations of the 
stars in the field of view delineated; not, indeed, ns micrometrically 
accurate, but as careful eye-drafts.” Mr. ,\bbott having been communi- 
cated with as to the doubts thus renewed, replies, under date Febru- 
ary ", 1871, endeavouring to re-establish the accuracy of his draughts- 
manship. Finally, the whole series of papers has been submitted to the 
searching scrutiny of the Astronomer Royal, who conceded the main points, 
namely, that the nebula has shifted its position, and that Mr. Abbott was 
the first to announce this interesting fact, yet comments, in somewhat 
severe terms, on Mr. .-Ybbott's drawings. “ When we look closely to funda- 
mental points,” says Professor Airy, “ all is confusion. Mr. Abbott's 
observations were nil made with a refracting telescope, so that the order of 

the four cardinal points on the map would bo F^'w (turned round in 
in any degree). But in the 1870 map he has them marked Wg E ; in the 
1871 map he has marked only g . The g in the two maps differ about 

45°. In each of these maps is a line (different for the two) which he calls 
‘Line of Light.’ What this means I have not the slightest idea. In 
points of geometry, therefore, Mr. Abbott is a most inaccurate man. As 
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regard* the delineation of the nebula, 1 cannot make out anything. It » 
iuipoaeible for u* to publish maps in this state.” We have epoken of Pr.- 
fessor Airy’s examination of the subject as final ; but as a matter of fact, i 
let er from Captain Ilerscbel reopens the very question on which the .\&tT> 
noiuer Iloyal had expressed himself satisfied. “ Mr. Abbott appears to hev? 
got wrong,” fays Captain Herachel, “in his X. and S. points. la it rashts 
fufpect that he has also mistaken ij ? Neither does he appear to have evea 
rec<ignised the lemniscate. He speaks of ‘ a dispersion of the stars ' ; hut hii 
own drawing, as I now show, places most of his stars in approximately their 
right relative places. Surely all this btiokens non-recognitioti, on /tit port. 
the object he xras examining, due probably to an inferior magnifying^ power. 
If bis chart of the stars is as correct as I think, every atom of evidence cf 
change in the nebula which he adduces is swept away.” 

To quote the remark with which Professor .-Viry opens hia paj>er, “ The 
subject is a very puzzling one.” 

I'ropotal for a Serire of Suriegt of the Star Deptht. — Mr. X*roctor, in a 
communication to the Royal .\8tronomical Society, indicates the necessity 
of a series of systematic surveys of the heavens, on a principle quite different 
finm that on which the Ilerschels gauged the star depths. A series of tele- 
M i>l>ea of gradually increasing aperture should be employed to gnuge eve.'y 
portion of the celestial sphere, the series of gauges for the several nperturvs 
Wing then charted isographically. His opinion of the value of such surveys 
is founded on the interesting results which are established by the isographic 
charting of all .Vrgelander's series of 40 full-sheet charts, showing the places 
of 3’.f4,l5t8 stare. It would not be necessary, however, to mark in every star 
separately, with careful reference to position and size, as in the isographic 
copy of Argelander's charts ^ all that would be necessary would be to ma:t 
in the observed number of stars (as determined by the gauges) in the corre- 
sponding spaces in the chart. The gauge fields should not be circular, but 
square (e.vcept close by the poles), so as to leave no ungauged spaces, and to 
avoid overlaps. By taking apertures of 3, 4, 6, 6, 8, 12, and 18 inches, or 
even to 2 ft. and 4 ft, a progressive series of charts would be obtained, 
which would throw great light on the laws of stellar distribution. 

The Vhytical Chani/e* of Jupiter. — Mr. Ranyard has contributed an inte- 
resting paper on this subject to the “Monthly Notices" of the .\stronomical 
.Society. He shows that, within two years of the great sun-spot maximum 
^of 1848, the while spots on the southern belt were strongly marked, and 
the equatorial region much broken up. Within a year of the next sun-spot 
initiimum, Mr. De la Rue made his large and well-known drawing of 
.Tupiter with a 13-inch silver speculum. “It is full of the smallest details 
in the belts, yet there are no traces to be found of Dawes’ markings, bright 
points, northern or southern eggs (st'e), or equatorial port-holes.’’ (We take 
some exception to these terms, as thus used absolutely; though they are 
very suitable expressions for comparative description.) Drawings made by 
I'iazzi Smyth in 18o0 entirely endorse Mr. De la Rue. But in 1858, when 
the sun was again marked with spots, Lassell noticed a numerous group of 
white spots in the bright equatorial region of Jupiter. “ For several 
years,’’ says Mr. Lassell, “ I failed to see any such spots upon the face of 
J upiter at all, but last year they appeared again in the same quarter of the 
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planet, and were attentively and ably observed by Mr. Dawes.” In 1859 
the flocculent cloudy appearances resembling port-boles in the principal belts 
were beautifully drawn by Sir J. Keith Murray. In 1860-61 again, I*rofessor 
Airy, speaking of the great equatorial, says, “ It has been employed to n 
considerable extent in the preparation of delineations of Jupiter and Mars. 
The former of these planets has exhibited in the last year some appearances 
never before recorded ; and it has appeared very desirahle to register as soon 
as possible anything which seems to indicate a change in the constitution of 
that great body.” Mr. Carpenter therefore made, during that year, a series 
of most careful drawings, showing all the flocculent port-holes and the 
reddish colour of the equatorial region, bright egg-shaped spots, and 
elliptical markings, which have been observed during the last two 
years. 

An important feature in Mr. Ranyard’s paper is the fact that the evidence 
he adduces is taken from the recorded observations of Lassell and De la 
Rue, who are now the chief opponents of the assertion that Jupiter has 
lately changed in aspect, and, from the work done by the Greenwich equa- 
torial, now said to give no evidence of change. 

We may note in this connection that the picture of Jupiter at p. 280 of 
the last number of the Popular Science Review, has been inverted by mis- 
take. The inversion is of no consequence in itself, since it simply causes 
the picture to present Jupiter in his natural instead of his telescopic posi- 
tion ; but ns the comparison between this picture and others might lead to 
confusion, it is desirahle that the astronomical reader should be made aware 
of the mistake. (Mr. Webb did not see the proof in situ, and is therefore- 
not responsible for the error.) 

Discovery of another Asteroid . — Another asteroid, the 115th, has been dis- 
covered by Mr. Watson, of .\nu Arbor, U.S., who bids fair to rival the most 
successful asteroid seekers. 

The Xovember Shooting-stars . — We remind our readers that the Xovember 
shooting-stars should be looked for in the early morning hours of Xovem- 
ber 13 and 14. It is not likely that a display of a marked character will be 
witne.i^sed, but considerable interest attaches to the determination of the 
relative richness of different portions of the system. It is not unlikely 
that stragglers, really belonging to the same system, may be seen (and known 
by their “ radiant point”) on several days before and after Xovember 13. 

The Planets of the Quarter . — Venus will be a morning star, attaining hex 
greatest brilliancy on November 1, and reaching her greatest westerly 
elongation on December 0. Jupiter will be well placed for observation 
during the latter half of the quarter. Mars and Saturn will not be well 
placed for observation. 



: BOTANY. 

Transpiration of Watery Matter by Leaves . — Professor M‘Nab of the Royal 
.Agricultural College, Cirencester, has published an important and lengthy 
paper on this subject in the “Transactions of the Botanical Society of 
Edinburgh.” The conclusions at which the Professor arrives may thus be 
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briedysUted: — 1. Total quantity of water in the learea of the bay luo*. I 
ftJ'4 per cent.* 2. Quantity of water which can be removed from the k*t- 
by calcium chloride, 508 p. c. 3. Quantity of water which can be remcr^l 
from the leaves by sulphuric acid m vacuo, 609 p. c. 4- Quantity of vuc 
which can be removed from the leaves in the sun, 5-8 p. c. 5. Amocstx 
transpirable fluid in stem and leaves, between 6 and 7 p. c. 6. .iVmoaat x 
fluid in relation to cell sap, between 56 and 57 p. c. 7. Rapidity of tmr 
piration in sunlight, 1 hour, 3-03 p. c. 8. Rapidity of transpiration c 
ditfui^ daylight, 1 hour, 0-50 p. c. 0. Rapidity of transpiration in dark- 
ness, 1 hour, U’45 p. c. 10. Amount of transpiration in darkness, 48 hoxn 
(mean), 13-47 p. c. 11. Amount of fluid transpired in a saturated ans'> 
sphere, in sun, 1 hour, 25-06 p. c. 12. Amount of fluid transpired in a dry 
atmo-sphere, in sun, 1 hour, 20-52 p. c. 13. Amount of fluid tran.<ipired in i 
saturated atmosphere, in shade, 1 hour, 0-00 p. c. 14. Amount of fisi: 
transpired in a dry atmosphere, in shade, 1 hour, 1 '69 p. c. 15. Quantity d 
water taken up by leaves when immersed in it, IJ hour (mesm}, 4-37 pc 
1C. Quantity of watery vapour absorbed by leaves in a saturated atniosphen 
18 hours, 0 00 p. c. 17. .\mount of fluid transpired by upper surface d 
leaf, in sun, 1 hour, 1 -34 p. c. 18. Amount of fluid transpired by undt: 
surface of leaf, in sun, 1 hour, 12-33 p.c. 19. Amount of fluid transpired, 
both sides coated with collodion, in sun, 1 hour, 0 96 p. c. 20. Amount of 
fluid transpired by upper surface of leaf, 48 hours in diffused light, 2-82 pc. 
21. .Vmount of fluid transpired by under surface of leaf, 48 hours in diffused 
light, 16-08 p. c. 22. .-Vmount of fluid transpired, both sides coated witl 
collodion, 48 hours in diffused light, 2-56 p. c. 23. Relation of fluid tatec 
up to that trans])ired, and that retained by plant in 1 hour sunlight — 



Grammes. 

Total amount taken up ... 1-088 
Deduct . . . 1-038 

Difference . . 0-05 

.Vmount transpired .... 0 04 

Gain of weight of branch . . 0'.308 



Total .... 1-0:38 , 

24. Increase of weight of branch in saturated atmosphere, diffused daylight, 

48 hours, 7-34 p. c. 25. Increase of weight of branch in ordinary atmo- 
sphere, diffused daylight, 48 hours, 7-14 p. c. 26. Increase of weight of 
branch in ordinary atmosphere, darkness, 48 hours, 3-01 p. c. 27. Rapidity 
of ascent of fluid in plants (a) 8^ inches in 70 minutes, in sun. Lithinin 
citrate. Transpiration equal to 7-68 p.c. per hour, in sun. Lithium all 
through branch. 28. Rapidity of ascent of fluid (6) 04 inches in 30 
minutes ; Lithium citrate. 29. Rapidity of ascent of fluid (c) 6A Laches in 
30 minutes ; Thallium citrate. ^ 

TAe Function of Bog Motset. — Dr. Rraithwaite, in an interesting paper on 
mosses in the “Monthly Microscopical Journal” for July, says that with 



* Percentage calculated on the total weight of leaves or branch employed. 
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respect to the function of these mosses, he cannot do better than quote Professor 
Schimper’s words. He says : — “ Unless there were bog mosses, many a bare 
mountain ridge, many a high valley of the temperate zone, and large tracts 
of the northern plains, would present a uniform watery flat, instead of a 
covering of flowering plants or shady woods. For just as the Sphagna suck 
up the atmospheric moisture, and convey it to the earth, do they also con- 
tribute to it by pumping up to the surface of the tufts formed by them the 
standing water which was their cradle, diminish it by promoting evaporation, 
and finally, also by their own detritus, and by that of the numerous other 
bog plants to which they serve as a support, remove it entirely, and thus 
bring about their own destruction. Then, as soon as the pl^t detritus 
formed in this manner has elevated itself above the surface water, it is 
familiar to us by the name of turf, becomes material for fuel, and all 
Sphagnum vegetation ceases.” 

The Cross-Tertilualion of Scropktdaria nodota. — It is probable that the 
dichogamy of the flowers of Scrophularia has already been observed and 
published, but it was new to Professor Asa Gray until pointed out this 
season by his assistant. Dr. Farlow. The arrangement is thus: — In the 
freshly opened blossom the upper part of the style is bent forward so as to 
bring the stigma, now ready for pollen, just over the patent lower lip of the 
corolla : the anthers, not yet dehiscent, are out of sight toward the bottom 
of the corolla, the filaments being strongly recurved or doubled over. In 
the blossom a day or two older, the stigma has dried up, the style become 
flabby, and the filaments have straightened so as to bring the four anthers 
up to the gorge of the corolla at the base of the lower lip, just back of the 
now withering stigma. The transversely dehiscent anthers are now widely 
open. The flowers are visited by honey-bees, which barely insert their 
heads into the gorge of the flowers; the chin or throat of the bee, coming 
into contact with the lower lip of the corolla, is necessarily dusted with 
pollen from the older flowers ; and this pollen, in the passage from flower to 
flower, and plant to plant, is inevitably applied to the stigma of the freshly- 
opened flowers, which alone is in condition to receive it. The nectar sought 
by insects is here secreted abundantly by the corolla, at its base on the 
posterior side, and to some extent by the disk which girts the base of the 
ovary. The posterior face of the scale which represents the anther of the 
fifth stamen is apparently glandular, but hardly, if at all, nectariferous. 
Bees plunge their proboscis to the bottom of the flower. — SiUiman’s American 
Jmemal for August. 

So-called Mimicry in Fianlt . — Professor Dyer read a paper on this subject 
before the British Association at Edinburgh. He pointed out the broad 
distinction existing between the mimicry of animals and what is called by 
that name in the vegetable kingdom. In the first csise, the animal and 
what was mimicked were always found in close association. On the other 
hand, the plants in which a mimetic resemblance was observed were seldom 
found in the same neighbourhood. A striking resemblance in foliage would 
be found between a plant of the group of leguminossB and another belonging 
to that of compositse ; as also between distinct varieties of ferns, though 
existing under entirely different conditions and indigenous to widely- 
.separated portions of the globe, and in the leaves of several species of 
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CRducnuR forest trees. The cause he attributed to tlie action of oair 
chemical agents ou the structure of plants, so that those growing on the & i 
soil of the sea-coast might, from deriving nourishment from 1 

substances, come to have a similar form to plants of a totally difc;: > 
species, whose chosen habitat was high sandy regions. In the disccif. ■ I 
which followed the reading of the paper. Professor Lawson demurred to n- 1 
term mimicry being in any ease applied to the resemblance observed r. j 
plants, that term inferring the existence of an intelligence which was t 
attribute of animal life alone; while Dr. Lankester protested agains; i- 
supposition that the mimetic changes and resemblances observed in anitu ■ 
were tbe results of an exertion of the intelligence of the auimsl itself, a . 
anything but tbe peculiar conditions under which it was placed. 

TAf carlitti Coni/erotu Tree. Dr. Datcton and Mr. Carruthtrt . — Id 
1 )aws<in has addressed a short note to the “ American Naturalist ” for irsx 
stating, with reference to a notice copied in the May number of ti 
“Naturalist” from the “ .\cademy,” that the opinion respecting the j«*r. 
above named attributed to Mr. Carruthers is an entire mistake. “ JPrdotar.',- 
Lui/ani is an exogenous tree, with bark, rings of growth, medullary' rays, ani 
well-developed, though peculiar, woody tissue ; and, if Mr. Carruthers his 
made such a blunder as that attributed to him, this can only bo excused bv 
defective observations or imperfect specimens.” 

Dancin' » Thtur;/ applied to Plantt . — .\n excellent paper on this sub/ecr is- 
been reproduced from the German in tbe “American Naturalist’’ for Jaij. 

It is a very lengthy paper, and is abundantly supplied with notes- It 
translated by Mr. Packard, jun., whose name is so well known here and it 
■hnierica. The originsl authors are Dr. E. Muller and Professor P'. Delpicc. 

It is the most important botanical contribution which has appeared fv 
years. 

Fungi within the Thorax of Birdt . — At the British Association at Edia- 
burgh, Dr. Murie referred to the circumstance of lowly organised vegetable 
structures being not unfrequently found growing in animals and man, . 

externally and internally. For the most part these affected the skin, giving 
rise to several cutaneous diseases. They also flourished in the alimentaiv 
canal ; and among others, one peculiar form (Sarcina) had been described 
by tbe late Profe.«sor Goodsir from the human stomach. In nearly though 
not all instances where vegetable organisms flourished within the Uriox 
body, it was iu organs where a certain amount of air had free access. It 
was more difficult, though, to account for the cases where vegetable par.i- 
sites arose in, so to speak, closed cavities. The instances which he 
-Murie) brought forward as coming under his own observation were three in 
number — viz., a fungus-like growth in the abdomino-pleural membrane of a 
kittiwake gull, a great white-crested cockatoo, and a rough-legged burzaid- 
-\fter a general description of the specimens in question, the author referred 
to them as in some ways bearing upon those doctrines whereby living 
organisms were supposed to originate out of the tissues theniselves. Other ( 
weighty reasons undoubtedly might bo given to the contrary, but as every 
fact, either furni.-hing doubtful evidence of, or opposed to the spontaneous 
generation theory, might be useful at the present juncture, he (Dr. Marie) 
thought a record of such worthy of being brought before the Association. 
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CHEMISTRY. 



Statue of the late MaeUr of the Mint. — Mr. William Brodie, R.S.A., has 
ust completed the full-sized model in clay of a colossal statue, to be erected 
la Glasgow, of the late Thomas Graham, Master of the Mint. Dr. Graham’s 
researches and discoveries in chemistry are known to all scientific inquirers. 
To general readers it may be necessary to mention that Dr. Graham was a 
native of Glasgow, being bom in that city in 1805. At the age of twenty- 
five he became Professor of Chemistry at the .\ndersonian University ; and 
in 1837 he succeeded Dr. Turner as Chemical Professor in University College, 
London, which position he held till 1855, when he was appointed Master 
of the Mint. In the same year he was created an honorary D.C.L. by the 
University of Oxford; be was also a Fellow of the Royal Society, and a 
Corresponding Member of the Academy of Science of the Institute of 
France. Ilia “Elements of Chemistry’’ is a standard class-book, and he is 
known also as the author of a number of scientific papers. The memorial 
about to be erected in his native city is due to the gratitude and mimifi- 
cence of an old pupil, a wealthy Glasgow gentleman. The statue is to be 
cast in bronze, and is to occupy a position at the south-east comer of George 
Square, corresponding with that of Chantrey’s celebrated figure of James 
Watt at the south-west comer. 

The compound Ammonium Amalgam formed by the Battery . — In a late 
number of “Silliman’s American Journal,” the late C. M. Wetherill 
gives an account of the above. He says that a piece of filter paper was 
placed upon a glass plate, then saturated with a strong solution of the re- 
crystallised methyl ammonium oxalate. A globule of mercury of the 
size of a small pea was placed upon the paper, with the negative 
pole of twenty cells Bunsen in contact with it, the positive pole touching 
the paper. The globule swelled slightly, presented a buttery appearance, 
attached itself to and amalgamated the blade of a penknife which was in con- 
tact with the negative pole, and upon being pressed under a glass plate 
ehoxced innumerable gae bubblee in its substance (in fact was a metallic froth), 
which emitted an ammoniacal odour. He promised other papers dealing 
more at length with the subject, but we suppose they were not done before 
his decease. 

Cobalt Ultramarine . — In the “Journal fiir Prak Chemie” [Nos. 8, 9], Herr 
W. Stein contributes a paper on this subject The author first refers briefly 
to his researches on ultramarine (see “ Chemical News,” vol. xxiii. pp. 119, 
142, and 204), reminding his readers that a blue colour may result from the 
intimate mixing of a black and a white molecule. Next this paper contains 
researches on a sample of cobalt ultramarine, which bad been kept for some 
twenty years in the museum of the Dresden Polytechnic School. The 
result of the analysis of that substance led to the following composition, in 
100 parts: — Silica, 40; alumina, 68‘45; cobalt (metal), 20'80 ; oxygen 
<> 7.5. The composition of the oxide of cobalt present in this ultramarine is 
4CoO.COjO,. The analysis was confirmed by the synthesis of an ultramarine 
cobalt — viz. by simply igniting the black oxide of cobalt of commerce with 
alumina. 



Digitized by Google 




434 



POPTILAH SCIESCB REVIEW. 



Imprcvemenlt in Chlorimetry. — Mr. J. Smith, M.A., read a paper before 
the British Association at Edinburgh on “ ImproTements in ChlotimetiT.’' 
He showed that the use of the mil^ solution of bleaching powder in chloti- 
metry is unsatisfactory, and hence it was necessary to discoTer a method of 
securing a clear solution containing all the chlorine by dissolving it in an 
alhaline solution. This is conveniently done by adding, say, ten granuner 
of bleaching powder to twenty grammes of soda crystals, filtering out thr 
precipitated carbonate of lime, which is known to be washed, when it ik:i 
longer discharges the colour of dilute sulphate of indigo, and maldng up the 
filtrate by water to one like of fluid. It is a clear colourless liquid of the 
specific gravity of 1007, but if made of specific gravity 1-238 slightly 
greenish, having a pleasant oily feeling between the fingers, contrasting 
favourably with the roughness of the decanted solution of the bleaching 
powder with which it gives a precipitate. Most satisfactoty results are ob- 
tained from it by all the chlorimetrical methods, and it has the additional 
advantage of showing the amount of lime in the sample by adding a solution 
of known strength of carbonate of soda until a precipitate is no longer 
formed. 

Dichroitm of the Vapour of Iodine . — Professor Andrews read a paper 
before the British Association on “ The Dichroism of the Vapour of Iodine.’’ 
The fine purple colour of the vapour of iodine, he expired, arises from its 
transmitting freely the red and blue rays of the spectrum, while it absorbs 
nearly the whole of the green rays. The transmitted light passes freely 
through a red copper or a blue cobalt gloss. But if the iodine vapour be 
sufficiently dense, the whole of the red rays are absorbed, and the trans- 
mitted ray.s are of a pure blue colour. They are now freely transmitted as 
before by the cobalt glass, but will not pass through the red glass. A 
solution of iodine in sulphide of carbon exhibits a similar dichroism, and. 
according to its density, appears either purple or blue when white light is 
transmitted through it. The alcoholic solution, on the contrary, is of a red 
colour, and does not exhibit any dichroism. 

The Phoephate Process with Sexoage. — Messrs. Forbes and Price described 
their process to the British Association. This process, it was stated, was in 
operation at Tottenham. The sewage, after passing through some depositing 
tanks which had been constructed for the lime process, was pumped up a: 
the rate of 800 or 1,000 gallons per minute along a carrier into a tank a 
hundred yards long, and of gradually increasing breadth. This tank took 
three hours to fill. As the sewage passed along the carrier the chemicals 
were mixed with it thus : — Two boxes were placed over the carrier — one a 
few yards further along it than the other ; the first contained the phosphate 
mixture, and the second milk of lime. Men were continually stirring the 
contents of each box, which were allowed to run continuously into the 
sewage as it passed beneath the boxes. The amount of the preparation 
added was not ascertained, but it was stated to be certainly much less than 
the proportion indicated by previous experiments (one ton to 600,000 gallons 
of sewage). 
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GEOLOGY AND PAL^XTOLOGY. 

Discovert/ of the Opereula of HyolUhes. — Mr. W. S. Ford announces this 
discovery from New York, in “ Silliman’s American Journal.” He says 
that several weeks ago, being in Montreal, he showed Mr. Billings, Palaeon- 
tologist of the Geological Survey of Canada, a small collection of fossils that 
he had made in the IMmordial rocks near New York. He pointed out to 
him, that among them there were the opereula of two species of HyMthet. 
One is a minute circular species with four pairs of lateral muscular impressions, 
and two smaller, dorsal, all radiating from a point near one side. The other 
species is larger and like a Discina on the outside. Mr. B. showed him 
several specimens of the smaller species, that had been collected by Mr. T. 
C. Weston of the Canadian Survey last summer, in rocks of the same age 
below Quebec. He is informed that this is the first discovery of the opereula 
of HyolUhes yet made on this continent. He has made some observations 
on the rocks of this vicinity, and collected a number of species of fossils, of 
which he hopes to give an account at an early date. 

JTte Geology of the Rocky Mountains . — We learn from one of our American 
contemporaries published in August, that Professor Marsh of Yale College, 
with twelve other gentlemen, has started for the Rocky ^Mountains and 
Pacific Coast. He will be absent until winter, and will continue his 
investigations of the Tertiary and Cretaceous formations which his explora- 
tions last year proved to be very productive in new species of vertebrates. 

Rltat is Coal ? — This question is answered in a very able paper by Pro- 
fessor Dawson, LLD., in the “ .Monthly Microscopical Journal ’’ for August. 
He says that — 1 . The mineral charcoal or “ mother coal ” is obviously woody 
tissue and fibres of bark; the structure of the varieties of which and the 
plants to which it probably belongs, he has discussed in another paper. 2. 
The coarser layers of coal show under the microscope a confused mass of 
fragments of vegetable matter belonging to various descriptions of plants, 
and including, but not usually largely, sporangites. 3. The more brilliant 
layers of the coal are seen, when separated by thin laminae of clay, to have 
on their surfaces the markings of Sigillariai and other trees, of which they 
evidently represent flattened specimens, or rather the bark of such specimens. 
Linder the microscope, when their structures are preserved, these layers show 
cortical tissues more abundantly than any others. 4. Some thin layers of 
coal consist mainly of flattened layers of leaves of Cordaites or Pychnophyl/tim. 
5. The Stigmaria underclays and the stumps of Sigillaria in the coal roofs 
equally testify to the accumulation of coal by the growth of successive 
forests, more especially of SigiUariae. There is, on the other hand, no 
necessary connection of sporangite beds with Stigmarian soils. Such beds 
are more likely to be accumulated in water, and consequently to constitute 
bituminous shales and cannels. 6. Lepidodendron and its allies, to which 
the spore-cases in question appear to belong, are evidently much less im- 
portant to coal accumulation than Sigillaria, which cannot be affirmed to 
have produced spore-cases similar to those in question, even though the 
observation of Goldenberg as to their fruit can be relied on ; the accuracy of 
which, however, he is inclined to doubt. 
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South of Scotland Silariani. — Mr. J. D. Brown read a paper on theee 
before the British Association at Edinburgh. The object of the paper was to 
show that the Silurian rocks of the south of Scotland, as developed in Dum- 
friesshire and Feehlesshire, are not all one geological epoch, as has bees 
hitherto supposed, but belong to two different epochs — a lower one repre- 
sented by the Moffat rocks, well known by their beds of anthracite shales 
and graptolites, and an upper series of later age, which lie uncunfonnable oe 
the Moffat rocka These beds have been long known at Wrae and Glea 
Cotho, and more recently in Galashiels, through the exertions of Messr?. 
Lap worth and Wilson. 

yew FouU Reptile* from the Cretaceou* and Tertiary Formation*. — Pro- 
fessor C. O. Marsh describes several of these remains in “ Silliman’s American 
Journal ” for June. The remains were collected by the Yale College party 
during their explorations last summer in the Rocky Mountain region. The 
specimens fiom the Cretaceous formation are of great interest, as they 
further illustrate the remarkable development in this country, both in 
numbers and distinct forms, of the Mosasauroid Reptiles, which appear to 
have been comparatively rare in other parts of the world. Fortunately, 
moreover, some of these remains serve to clear up several obscure points in 
the structure of these reptiles, and prove conclusively that they had a well 
developed pelvic arch and posterior limbs ; although up to the present time 
no satisfactory indication of this had been discovered, and the eminent paleon- 
tologists who have recently made these animals an especial study consider 
them probably destitute of these extremities. The remains found in the 
Tertiary deposits are also of importance, since they show that types of rep- 
tilian life, almost unknown hitherto fktm that formation in the West, were, 
in one of the ancient lake basins at least, abundantly represented there 
dating that period. 

A huye Pterodactyl . — We learn from the “American Naturalist'' (July) 
that Professor Marsh states that the Yale College party obtained, in addi- 
tion to the cretaceous fossils already described, several specimens which in- 
dicate a huge flying reptile, which he names Pterodactylus Owenii. The 
bones discovered “ indicate an expanse of wings not less than twenty feet.'’ 
The remains were found by Professor Marsh in the upper Cretaceous forma- 
tion of Western Kansas. This is the first occurrence of the pterodactyl 
in America. 

The Siratherium Oiyanleum. — Dr. J. Murie, F.Z.S., read a paper before 
the British Association at Edinburgh, stating the systematic position of the 
extinct Sivatberium Giganteum, in relation to the deer, antelope, and other 
animals of the same species. The author introduced the paper by some 
remarks concerning the labours of the late Dr. Falconer and Sir Probv 
Cautely. These eminent men, the former a distinguished graduate of the 
Edinburgh University, brought to light, in their researches of fossil fauna 
of the Sewalik Hills, several remarkable mammalian forms. The sivathe- 
rium, one of these, as attested by its remains, must have attained the .size of a 
full-grown elephant It appears, however, to have been a ruminant. In some 
respects deer-like, in others more resembling the antelopes, stiU stranger it 
seems to have had some of the characteristic features of pachyderms, the 
tapir for e.xample. Dr. Murie went on to show that it belonged to those 
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radical forms which hy some may be regarded as one of the progenitors of 
diverse herbivorous groups. The sivatberium, according to him, is unlike 
all other living ruminants but one— the -prongbuck — from the fact of its 
having had hollow horns, evidently subject to shedding. It differs thus 
from deer whose solid horns annually drop off, and from the antelope tribe, 
sheep, and oxen, whose hollow horns ate persistent. Save one living form 
— the saiga — no recent ruminant possesses, as did the sivatberium, a muzzle 
resembling in several ways the proboscis of the tapirs and elephants. On 
the strength of his own recent researches, and of those of Mr. Bartlett and 
Dr. Caulfield, Dr. Murie is inclined to place the sivatberium in the family 
.\ntilocaprid(G. Radiating from the sivatherium can be traced differentia- 
tion of structure allying it to the ancient bramatherium and megacerops. 
Diversely, links lead through the prongbuck towards the deer, girafi'e, and 
camel. On the other hand, configurations point undoubtedly to the saiga, 
and there it is, as it were, split into lines directed towards the antelope, the 
sheep, and even the pachyderms. 

Flint Imptrments in Josfum't Tomh. — The Abbe Richard gave an account 
of this recent discovery to the British Association at Edinburgh, lie thinks 
that it upsets all geological hypotheses as to man's size. The .Abbd unfor- 
tunately forgets (1) that the tomb may not be that of Joshua at all, and (2) 
that, if it bo, there is no evidence as to the time the flint weapons were 
placed there. In fact they may have been, and probably were, there many 
ages before Joshua was placed there. 

Bats of f/te presetU and of the Mammoth Periods. — Professor Van Bencdeu 
rend a paper, in h'rench, with this title, before the British .Association. So 
far as was gathered, it was an argument against the Darwinian theory. 



MECIIANIC.VL SCIENCE. 

The Bhysimeter. — Under this name, Mr. A. E. Fletcher has described, to 
the British .Association, an instrument for measuring the velocity of streams 
of water, or the velocity of a ship relatively to the water through which it 
is moving. The apparatus is very simple. A double tube, with two orifices 
at the bottom, one of which faces the source of the current, while the other 
faces the opposite direction, is held in the stream, and communicates by 
tubes with the indicator where the pressure is measured, by columns of 
ether, water, or mercury, according to the circumstances of the case. The 
rhysimeter is already employed on some of the mail packets running to the 
United States, in place of the patent log, to ascertain the speed of the ship. 
It is more convenient, as giving the speed directly, without a time obsen-a- 
tion. The principle of the instrument is not new, but the construction is an 
improvement on previous instruments. 

Liyht Itaihcnys. — Mr. AV. Lawford has read a paper on this subject before 
the Institute of Mechanical Engineers. By liyht railways, Mr. Lawford 
understands railways of the ordinary narrow gauge, constructed as branches 
from existing trunk lines, but intended to be worked with light, flexible 
rolling stock, and at slow speeds. With a maximum load of o tons on one 
TOL. X . — NO. XLI. O Q 
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pair of wheel*, *uch railways might be constructed for 3,000f. to 3,5001. pe 
mile of single way. Mr. Lawford described a short line of this descriptioi 
constructed for the Duke of Buckingham and Chandos at Woo ton. Tni; 
line, of C miles in length, with a branch of miles, is essentially a suifao 
line, the highest embankment being 12 ft and the deepest cutting lOft. 
Turnpike and other roads are crossed on the level. The rails are 30lk 
bridge rail* on longitudinal timbers. The ballast is 10 ft. wide and 6 b 
0 in. thick under the sleepcra 

Compuunil Entfinrt of the “Tenedoe .” — In the recent trial of the engite^ 
of the “ Tenedos,” the consumption of fuel, in the six hour runs, varied 
from 1'58 lb*, per I. II. 1’. per hour, at eight-knot speed, to 2-32 lbs., it 
lliirteen-knot speed. The rate of expansion of the steam was 9 tiinfc 
in the former case and 0^ times in the latter case. These results are et- 
tremely satisfactory. 

Il’ater I\j>ccr . — The Industrial Society of Mulhouse has recently received 
communications about a project for utilising the fall of the Rhode at Belle- 
grande. .\ccurding to the calculations of M. Colladon, of Geneva, this hli 
of thirteen metres could be utilised so as to afford 10,000 horses power. -4r 
American company, employed in the production of phosphate of lime, pro- 
p>*es to construct a tunnel for utilising this fall, and offers to .41satis:i 
manufacturers to erect at Bellegrande establishments similar to those thev 
]>o*.*ess at present. (Paris Correspondent of Engineering.) 

•V/f-wcIiHy Rudder . — At the International Exhibition of Naples, SigniH 
8iciliano, of Palermo, exhibited an arrangement for working the rudder 
of a ship by means of electro-magnets. The currents which actuate thr 
electro-magnets are under the control of the ship's compa.ss, any devistioc 
of the compass from on assigned direction completes an electric circiut, 
which in turn, through the electro-magnets, act* on the rudder. Thus the 
compa.*s and rudder form a perfectly automatic arrangement. 



MEDICAL. 



Votume* of the Cacitiet of the Heart . — Professor the Rev. Samuel Houghton. 
I’.R.S., in his recent lecture (June 24) before the Royal Institution, *<• 
tempted to compute the volumes of the vcnlricle.8 of the heart .\dmitting 
the principle of least action, he said : “ I ran predict a thing that at first 
sight appears vert' strange. I can find the ratio which the volumes of the 
two cavities bear to each other by the measurement of the lengths of thf 
fibres that eurroimd them. On measuring these fibres it come-s simply 
this. I>et L be the length of the fibres that go round the entire heart ; let 1 
be the length of the fibres that go round the left ventricle. Find those 
lengths and cube them. The ratio of those cubes will be proportional to 
the sum of the right and left ventricles divided by the left. There a* 
theoretical grounds which 1 believe are almost of themselves sufficient to 
entitle us to believe that these two cavities are of equal volume, and there- 
fore that this fraction will come out equal to 2. I have taken, however, • 
more certain mode of determining this by collecting together all the ob^e^ 
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vatioos of direct measurement of these volumes that I con find, and I 
find that the mean is 2'125. From theoretical grounds, I believe that 
more accurate experiments and observations will prove that the decimal 
fraction of an eighth must be struck off, and that the true proportion is re- 
presented by 2. Certainly 2 is the number given by the most accurate of 
the ten observers. But now to my verifications. I measured the length of 
the common fibres in the hearts of a great number of oxen, and I find it to 
be 10*675 inches. I measured the length of the fibres that go round the 
left ventricles in the same hearts, and I find as the mean of many measure- 
ments 8 025. Well, I suppose there is no one present here who is a good 
enough arithmetician to tell me at sight what the ratio of the cubes of 
those numbers would be. I have cubed the numbers, and their ratio comes 
out 2*004. I, believe that to be a remarkable result, and to entitle us to 
assert that the principle of least action applied to the problem of the heart, 
is capable of solving it a step beyond what it has been solved, and bringing 
us within reach of the knowledge of one more of the wonderful laws 
the Creator. IIow it would rejoice the soul of the great Kepler if he had 
known that the ratio of the length of the fibres in his own heart was in the 
proportion of cube root of 2 to 1 ! Divine Geometry ! Queen and mistress 
of philosophy, thy right to rule the sciences shall never be disputed ! ” — 
British Medical Journal for J une. 

Dynamics of Nerve and Muscle. — From the “ British Medical Journal ” 
(which contained an able review on it) we learn that Dr. Radcliffe has pub- 
lished his views on this subject We have not seen the book, however, 
which is published by Messrs. Macmillan. lienee we can do no more than 
announce the fact of its publication. It is to be regretted that Messrs. 
Macmillan do not send out their books more freely for review. We have 
had to write for at least three or four of their recently published works. We 
bare no care for the interests of a publisher, but we do not consider that an 
author is fairly served by the negligence of his publisher in regard to sending 
out his book for review. A lesson might well be taken from the American 
publishers in this respect. 

Dr. Lionel Beale a “ Baly ” Medallist. — The “ Baly Medal ” of the Royal 
College of Physicians, London, has been awarded to Dr. Lionel Beale, and 
was presented to him immediately after the termination of the Harveian 
Oration. 

Death of Von Niemeyer. — We regret to notice the decease of the distin- 
guished Dr. Felix von Niemeyer, author of the well-known work on the 
Practice of Medicine, which has met with such a remarkable success in 
Kngland and America through the translation of Drs. Humphreys and 
Ilacklcy. We have no particulars of Niemeyer's case, except that he had 
recently returned from France, where he had been engaged in studying 
typhus and dysentery in the army. At the time of his return he was sick, 
but his illness was not believed then to be of a serious character. 

Todd and Bounnan’s Physiohyy. — The second part of the new edition by 
Dr. Beale, F.R.S., has made its appearance. It is devoted to the considera- 
tion of fibrous, elastic, and connective tissues, cartilage, bone, and fat. It is 
of course a very valuable work, and we wish it were completed by the 
present editor, who is certainly somewhat slow at his work. 

o o 3 
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METALLURGY, MINERALOGY, AND MINING. ^ 

The Manufacture of Steel. — Mr. David Forbes' usual quarterly report a 
the mining and metallurgical resources of the several States of Eoroje. 
Lrtves us most valuable information. In fact, it considerably lightens w; t 
task, for it gives in a condensed and thoroughly comprehensive form, everv- 
thing that has been done for the quarter. We find it stated that U 
Aristide Berard has recently introduced into practical operation, at Givors. is 
France, a process for the direct conversion of pig-iron into steel, for which, 
among other advantages, he claims that it effects a partial puiificatioa d 
the iron, by eliminating the sulphur, phosphorus, arsenic, &c. ; at least, k' 
such an extent, that commoner brands of pig-iron, which by no process st 
present known could be used, may be employed for making steel suitahk 
for the manufacture of rails, tyres, Ac. ; and that, by the combined actiot 
of air and gas, alternate oxidising or reducing eflTects may be obtained s: 
pleasure, so that the decarbonisation or recarbonisation, and conseqosn: 
uniform nature of the product may be regulated, whilst at tbe same time the 
waste is reduced to a minimum. The main features of the process are— 
the conversion of the fuel employed into a gaseous state, tbe use of a jet 
of superheated steam in so doing, and the employment of a peculiarly- 
shaped converting furnace, in which, from three to five tons of cast-iron is 
treated at a time, the charge being run into the moveable bed of the fumsce, 
in the molten state, direct from the blast furnace or cupola. Spiegeleisen k 
added in the operation, and the waste is stated to be not more than from 
seven to eight per cent., whilst the operation is said to require only from 
one hour to one hour and a half. The process has been fully described in a 
pamphlet, published by M. Berard. 

Anthracite Coal Trade of Penntylcania. — Mr. Peter W. Sheafer, a well- 
known engineer at Pottsville, Pa., has prepared a diagram, which is pub- 
lished in “ Silliman’s .American Journal,’’ exhibiting the progressive deve- 
lopment of the anthracite cool trade of Pennsylvania. It embraces the 
period of fifty years, from 1820 to 1870, and an accompanying table gins 
ill detail, for each year, the yield of anthracite of the four great subdivisions 
of the anthracite region, the Lehigh, the Schuylkill, the Wyoming, and 
the Lykens Valley, Sharaokin, &c. We take the export in tons, for the 
years below specified, from the table : 



1820 


Lehlitb. 

IKW 


SchoyikiU. 


Wyoming. 


Lykens V., tc. 


Toul 

.355 


18.30 


41, "•’50 


80,0.34 


43,000 




174,:;m 


1840 


27.V313 


475,001 


148,470 


15,.505 


6t’4,ij84 


18.00 


(«)0,4.'50 


1,782,030 


827,823 


57,084 


.3,.3o8.8‘«» 


1800 


1,821,074 


.3,270,610 


2,041,817 


470,110 


8,51.3.123 


1870 


3,172,010 


3,8i>3,010 


7,825,128 


008,830 


15,84f,89» 



The Schuylkill trade began in 1822, with the exportation of 1,480 tons; 
the Wyoming, now twice the largest, in 1820, with 7,000 tons; the Lykens 
Valley, &c., in 1830, with 11,030 tons. 

VutUlUng hy Siemens' Gas Furnace. — Mr. Forbes' Report states that in the 
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" P^u9«ischer Zeitschr.*f. Berg. Huetten u. Salinenwesen,’’ 1870, p. 145, 
will be found an extremely interesting paper by Dr. Koemann, in which 
he gives the results of a comparison between the effects and relative 
economy of puddling in the ordinary manner, and when done by Siemens’ 
regenerative gas puddling furnace ; although short, the space at command 
will only allow of our giving the conclusions arrived at, which are (1), that 
the Siemens’ furnace is to be preferred in all cases where an extremely high 
heat is required, and where the fuel is of bad quality and nnsuited for 
producing sufficient heat when consumed in the ordinary way ; (2) when- 
ever a bxed temperature or a certain quality of flame is required for any 
length of time ; (3) when no use of the waste heat of the flame (as for 
beating steam boilers to drive machinery) is required. And, in addition, 
there is less waste and also somewhat less loss of iron in the slag with the 
Siemens than with the ordinary furnace, as may be seen by a comparison of 
the chemical analysis of the respective slags. 





Ordinary fumaoe 


Siemena fnmaoe 


Silica .... 


. 11-98 


16-36 


Alumina 


. Ml 


1-18 


Protoxide of Iron . 


. 08-69 


00.33 


do. Manganese 


. 1-00 


0-9-J 


Lime .... 


. 1-79 


2-51 


Magnesia 


. 0-24 


0-92 


Soda and Potash . 


. 2-13 


072 


Phosphoric Acid . 


. 14-43 


14-28 


Sulphur 


. 0-24 


0-28 




101-61 


102-50 



’The amount of phosphorus or sulphur eliminated in the slag is about the 
eame in both instances. If, however, the fuel is of good quality, and the 
waste heat is employed for raising steam, then there appears to be little, if 
any, advantage in the employment of the Siemens furnace, which is known 
to be extremely costly, both in original construction and in subsequent 
repairs. 



MICROSCOPY. 

Suci in the Tibia of a Flea . — A very long and somewhat important paper 
has appeared in the Quekett Club “Journal” for July, on the above 
subject. The function of these sacs, in the author’s opinion, is somewhat 
peculiar. He says that the action of the contractile sac of the upper tarsal 
Joint is first, by slow distension, to become filled with air, the membranous 
sac of the tibia simultaneously collapsing. When fully distended, the tarsal 
sac suddenly contracts to about one-fourth its previous diameter, when at 
the same moment the membranous sac of the tibia becomes fully inflated. 
This rhythmical, alternate movement sometimes proceeds, regularly, at the 
rate of two or three pulsations in the minute, but this is not always the 
case, as he has frequently found that it is suspended for longer or shorter 
periods, and in many specimens it is altogether wanting. Believing that 
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theae remarkable organs have not hitherto been observed, he has derote-i 
much attention to them, and he thinks he is justified in expressingr the 
opinion that they probably serve a very important and hitherto unsuspected 
purpose, in the respiratory system of the animal, and further, if he is right 
in his conjecture, that similar organs will probably be found to exist in 
many other insects. lie thinks it possible, then, that these contractile 
sacs serve the purpose of pumps or syringes, by means of which air is drawn 
through the external orifices or spiracles, and propelled through the minute 
capillary vessels of the tracheal system. 

An Imnierfion Parabolottl is described by Mr. B. D. Jackson in the 
“ Journal of the Quekett Club ” for July. It is formed of a solid paraboloid 
of glass, ground to a different cune thnn the dry form, and instead of 
having its emergent surface hemispherically hollowed out, it is left nearly 
flat, a veiy slight concavity only being given. This concavity is so slight 
as to be hardly perceptible, but it is intended to permit the slide in contact 
with it, by means of the water film, to be moved to and fro without danger 
of scratching the glass top of the illuminator — no very diflicult thing to do, 
in spite of the apparent hardness of the substance. The stop to prevent 
direct rays passing into the microscope is cemented to the lower surface of 
the paraboloid. The object (Eujiodunit argut) is shown by a quarter-inch 
binocular with a black field ; the angle of the object-glass being about 
110°, a result he has not been able to att.-.'a so satisfactorily by any means 
previously employed. There is no loss of light by reflection from the lower 
surface of the glass, since the rays pass almost in straight linos from the 
curved sides to the focus. The ordinary test diatom slide, when mounted 
dry on the cover, as usual, presents a curious appearance, the field being dark, 
with a .-mall spot of orange-brown light, occupying about one-fifth of the 
diameter, the spherules, however, being shown distinctly. He has not been 
able as yet to use this illuminator with higher powers, the fog surrounding 
the object unpleasantly. 

The Freiuh Erecting Pritm M a Camera Luctda. — The July number of 
the “Monthly Microscopical Journal ” contains a letter, in which the writer 
asserts most positively that this prism answers the purpose of a camera 
lucida. 

The Eegeeria Eoniestica, or Speckled Todura, is, according to Mr. Wen- 
ham (“ Monthly Micro.scopical Journal,” July), when shown opaquely under 
a j’jth or upwards, a specially beautiful object. The scales are apparently 
much thicker than in other species, and the ribbings or 1 ! ! markings are of 
a reddish-brown colour — not beaded, but slightly constricted at regular in- 
tervals, like the short antenna; of some insects, and in the deep intercostal 
spaces there are numerous thin septse, or transverse bars, very fine and dis- 
tinct, of a greyish tint. Both these and the slightly “ varicose ” spaces on 
the ribs may be displayed in the form of beads, by dodging the illumination. 
Where practicable, some form of opaque illumination should always be 
employed for verifying the structure of these objects, for we are in this ease 
quite free from the errors of diffraction, which more or less accompany ob- 
jects seen by transmitted light, and cau-e an indistinctness of outline. 

The “ Wolf-rock ” tender the Microscope. — Mr. S. Allport, in the “ Monthly 
Microscopical Journal,” says that, when examined by the eye or simple lens. 
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the rock is seen to consist of a veliowish-grey compact base, in which 
crystals of clear glassy felspar are imbedded ; they exhibit no strise ; their 
fracture is sharp and splintery. A thin section examined in polarised light 
•with crossed prisms exhibits a beautiful group of crystals of felspar and 
nepheline porphyritically imbedded in a fine-grained matrix composed of 
minute crystals of nepheline, felspar, and hornblende ; when cut very thin, 
the hornblende alone exhibits colours, the hexagonal sections of nepheline 
being black, the rectangular white ; the felspar is also either dark or light, 
and the general appearance is that of a mosaic of dark and light stones inter- 
spersed with small brilliant-coloured crystals of hornblende ; the whole 
forming a matrix in which the larger crystals are set. In thicker sections 
the felspar and nepheline display fine colours, but the minute structure is 
not so well seen. 



PHYSICS. 

A AVic Xey for the Morse Printing Telegraph was described to the Britisli 
Association at Edinburgh by Professor Zenger. He said that, at the Norwich 
meeting, he had had the honour to show a new automatical key for the 
Morse printing telegraph, which printed three difierent signs — viz., a point, 
a short line, and a longer line. That arrangement restricted the telegraphist 
to a certain speed, but he had constructed the key now shown in order t(, 
allow a clever telegraphist to obtain the highest speed attainable. He 
showed a model, and explained it in detail. The rate of velocity was indi- 
cated by a small bell sounding as often as the cylinder revolved. By the 
mechanical arrangement, whatever the speed of the paper and the clock- 
work moving it, the relative length remains unalterably the same. On the 
working instrument, ihe printing apparatus with its rollers for the paper 
sheet is attached to the key, forming only one apparatus together. By using 
three signs, the combination of 1, 2, and 3 elements gives 30 signs. This 
will do fur all letters, figures, and phrases commonly used, and spare nearly 
30 degrees of space, and therefore of time of transmission. In a brief dis- 
cussion, it was said that the adoption of Professor Zenger's apparatus would 
do away with the mistakes now so often made by the doubting whether the 
short line meant a line or a point. 

The late Professor Puyoi.— Physics has lost one of its great musters 
through the death of I’ayen, which occurred a few months since. “ Les 
Mondes” of June 29 contains a short account of his life. In 1824 he was 
the first who pointed out the rational method of applying manures in 
agriculture, and about the same time brought forward the theory of the 
decolouration of liquids by animal charcoal, also suggesting the use of 
the residues of sugar-refining (scums which contain more or less animal 
charcoal along with other substances) in agriculture. In 1830 he laid the 
foundation of the proper valuation of manures, according to their richness in 
nitrogen. The late author's exhaustive researches on amylaceous matter 
settled the exact structure, mode of formation, and the derivation of dex- 
trine and glucose from starch ; the existence of diastase, also, was first 
pointed out by the deceased. Prof. Payen, very well known, also, among a 
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great many others, by hia excellent work on industrial chemistry, “ Precis 
de Chimie Industrielle ’* (Paris: Hachette & Co, 18C7), was, since 1?>42, a 
member of the French Academy of Sciences, and held the professorships of 
Industrial Chemistry at the ficole Centiale des Arts et des Manufactures 
since ISW, and at the Conservatoire des Arts et Metiers since 1830. The 
deceased was not only a very eminent scientific man. but was thoroughly 
and praclic.-illy acquainted with almost every branch of industrial pursuits. 
Anseluie I’nyen was bom at Paris on January 17, 1795, and was in early 
life first the technical manager of beetroot sugar-works at Vaugirard, and 
afterwards of very large chemical works near Paris. 

-1 iVor Form of Sleam-blatt. — A paper on a new form of steam-blast was 
communicated to the British .Association at Edinburgh, by Mr. \V. Siemens, 
F.ll.S. The new blast is employed for the movement of air in the pneumatic 
tubes connected with the central telegraph station in London. It is said to 
co.«t only 40/.. and will do the same work as an engine which costs 2,OCHM. 

A Xew Form of Onhanomeier has been devised by Mr. John Trowbridge. 
.Assistant Professor of Physics in Harvard College (U.S.). It is described 
at length in “ .Silliman's .American Journal” for .August. It would be 
impossible to de.scribe it without the cuts which accompany the article. 
dVe merely refer Ui it because it may interest some of our readers. 

TratiAjxjrl of Sal/i by Electrical Ducharge. — This p.sper, wi.Ich io by 
M. Becquerel, appears in the “ Comptea Rendus" for June 20. Ilis essay- 
treats on .some phenomena observed by the author while experimenting on 
the effect of only moderately strong electrical discharges when certain 
chemical compounds are placed in the route of the electric current. .As 
results from these experiments, the author finds that the undermentioned 
salts and other chemicals are transported by electrical discharges iu the 
direction from the negative electrode to the positive electrode, but not again 
the reverse way. These salts and substances are fcrricyanide of pota-ssium, 
bichromate of potas-a, chloride of barium, chloride of sodium, chloride of 
potassium, sulphuric acid, phosphoric acid, chloride of ammonium, and 
protochloride of iron. The following are among the substances which are 
not transported by any electric current, whatever its direction : — Chloride 
of cobalt, chloride of platinum, nitrate of silver, caustic potassa, and 
sulphate of potassa. 

A Meteorological Obferratory in the Azores. — Dr. Buys-Ballot, after 
briefly pointing out the great importance, not simply in a scientific, but also 
in a mercantile and industrial point of view, of having, on one of the 
islands just named (they belong to Portugal, and are situated at about 
40° N. lat., and .30° W. of Greenwich), a meteorological station, couuected 
by submarine telegraphs with Europe and America. The author states 
that, probably, by September 1872, this desirable object will be accomplished 
by the activity of M. Fradesso da Silveira, the Director of the Ob.servatory 
at Lisbon. — Com/ttes Rendus, June 12. 

Loxc Temperature, of the 18/A of May and the First Days of June . — 

M. Sainte-Claire Deville gives a lengthy paper (“ ( 'omptes Rendus," 
June 10) containing a series of communications received by him from 
different localities in France. It appears that, even in the very south of 
that country, the temperature fell during this period to .so low a degree as 
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has not been -witnessed within man's memory at this time of the season ; 
moreover, heavy storms, accompanied by deluging rains and seriously destruc- 
tive hail, have occurred in many parts of France ; while near Paris, at St. 
tiermain en Laye, he found the temperature was on May 18, in the 

morning, at a height of .33 centimetres above the soil (a meadow). 



ZOOLOGY AND COMPAR.VTIVE AN.VTOMY. 

Kew North American Phyllopoda. — .A series of notices of several new 
species appears from the pen of A. J. Packard, M.D., in “ Silliman’s 
.American Journal” for August and the earlier months. We merely 
call attention to them because, of course, it would be out of our power to 
reproduce them here. 

A Grand Dredging Exploration. — Professor .Agassiz has accepted an invi- 
tation extended to him by the American Coast Survey Bureau to take pas- 
sage on the iron coast-survey steamer, which has recently been built at 
Wilmington, Delaware, and which was to sail for the Pacific coast in Sep- 
tember. The expedition -will take deep-sea soundings all the way, and 
extensive collections of specimens will be made for the Museum of Com- 
parative Zoology at Cambridge. Secretary Boutwell has written to the 
Secretaries of State and the Navy, asking that naval and other olficera may 
be instructed to afford such courtesy and assistance to the exploring party 
ns may be de.sirable. We learn also that Count Pourtales, of the Coast 
Survey, and Dr. Hill accompany the expedition. 

The ErnchiojHidn obtained by the United Statu Coast Surrey Exj>editiuH . — 
This expedition was in charge of L, F. ae Pourtales. The report is pub- 
lished in the Bulletin of the Museum of Comparative .Anatomy (vol. iii. 
No. 1), and is by Mr. W. H. Dale. In this paper all the species dredged by- 
Count Pourtales are fully described, and the synonymy of these and other 
species and genera is well worked out. The anatomy of several of the 
species is described at considerable length. Two lithographic plates, chiefly 
anatomical, illustrate this paper. 

The Development of a Giant Gregarine. — The anatomy and development 
of G. gigantea, an enormously large species, lias been worked out by M. E. 
Van Beneden, who has published a long and important memoir, accompanied 
by a plate, on the subject. He has foimd in the lobster's intestine midtitudes 
of small protoplasmic masses resembling the Protamaba primitica of Haeckel, 
with certain distinctions from it, however. They are distinguished from 
the true Amceba by the absence of a nucleus and a contractile vacuole. 
These have no projections from them. There are, however, others which 
have one, or more frequently two, prolongations in the fonit of arms, which 
M. Van Beneden says resemble the mobile stem of Noctiluca, imd these 
forms he calls generating cyiodee. He then describes the movements of 
them, one of the arms or projections of which is motionless. After a time 
the other increases in length till at last it breaks away, and having specially 
an undulating motion, it is like a nematoid worm. Curiously enough, when 
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the moveable arm bos been diacharged, the further development of the arm 
at rest begins, and it goes through the same process of development and 
motion as the preceding, with this difference, that instead of becoming 
detached from the central mass, it gradually absorbs it as a vertebrate 
embryo absorbs the contents of the vitelline sac. The resemblantse of the 
animal thus formed to the Nematodes has led the author to style them 
pttH(U>fiiarut. He then proceeds to describe the further development of 
those peculiar bodies into Gregarina yigantea. Several other subjects of 
kindred interest are discussed in the memoir, which is both full and 
complete. 

Tht Meteoric Origin of Life . — This new hypothesis, which was originated 
by the President of the British .Vssociation in his Edinburgh address, is 
somewhat startling. The notion that life first came upon the globe in a 
glistening fire-ball, which brought some fragments of moss along with it, is 
a curious notion enough ; but it by no means gets rid of the difficulty of the 
origin of life; it merely carries it back a little further. 

Zoological Statione. — Dr. iSclater, F.R.S., read before the British As- 
sociation (at Edinburgh) a report from the committee for the formation 
of zoological stations in different parts of the globe. It stated that an 
observatory at Naples bad been arranged for, and drew attention to the 
importance of establishing a zoological station in the British Islands, and to 
the opportunity now afforded for such a proposition by the cessation of the 
grant to the Kew observatorj’. Until a recent date, it was submitted, the 
.•Vs.sociation had given con.siderahle sums for dredging explorations, but in 
consequence of the advance of zoological science the problems were much 
changed, and their nature was such as to demand the assistance of the 
.Vssociation in other directions. The careful study of the development and 
habits of marine animals could only he carried on by the aid of large aquaria 
atid cumbrous apparatus, which an individual could hardly provide for 
himself. This, and the copious supply of animals for observation, could be 
provided by such a co-operative institution. .V resolution was accordingly 
submitted, to the effect that the committee of Section I) recommend that a 
committee of the .Vs.sociation be formed for the purpose of erecting a 
zoological station at a convenient place on the south ccost of England — say 
Torquay — and that a sufficient sum of money — say 500/. — be placed at their 
disposal, cither by a single or by a series of annual grants. .Vfter reading 
the report, Dr. Sclater I'emarked that as there were three or four aquaria 
already established in this country, he thought the best plan would be to 
establish one in an entirely different part of the world ; as, for instance, 
under the tropics, where animal life was entirely different. 
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